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I 

INTRODUCTION 

Although unadulterated Negro racial characteristics 
cannot be determined through studies of the American 
amalgam, and although it is impossible to select the 
pure-bred Negro from the American Negro population 
for specific study, much can be gained from an accumu* 
lation of data concerning the characteristic traits of the 
American Negro as he functions in the social organi- 
zation of the country, and in time theories substantiated 
by quantitative evidence may supersede those based 
upon pure prejudice. Prior to the Civil War and for 
some time following, the inherent inferiority of the 
Negro was an undisputed dogma. Within recent years 
the subject has been the topic of many investigations of 
a scientific or pseudo-scicntific character. Ferguson 
(33) has said, “One would not be far wrong in saying 
that all experimental work done on the psychology of 
the Negro prior to 1900 is of practically negative 
value." Since that time, however, the increment of lit- 
erature on Negro characteristics and differentia is 
boundless and ever aggregating. The only justification 
for this is that each investigation approaches the prob- 
lem from a slightly different point of view, with slightly 
different controls, and with recognized limitations. 

An inspection of these more scientific investigations 
as well as the popular treatises will, however, thrtjw the 
student of racial differences into a mental pande- 
monium. Tkcausc there arc inevitably so many vari- 
ables, any study of racial differences is subject to op- 

m 
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; position and adversative interpretation. Vi teles (116), 
having reviewed much of the recent literature, sug- 
: gest8 that, “From among these varied conclusions it is 
possible for anyone interested in the problem of Negro- 
white differences to choose one which best suits his par- 
' ticular bias.^' 

Since Ferguson in 1916 (SJ)i Peterson in 192J (88), 
and Klineberg in 1928 (64) have ao adequately re- 
viewed the literature prior to their publications, it 
would be superfluous for the writer to recapitulate, or 
critically to evaluate the previous studies, except to 
point Out some of the more divergent, yet equally con- 
vincing, theories and hypotheses now extant. Different 
wricec.8, interpreting the same body of data, will arrive 
at virtually opposite conclusions. Both may be very 
.convincing, Talre, for illustration, the many theories 
and speculations which have cvol.vcd relative to the 
.genecal intelligence of the American Negro based 
upon, an Interpretation of the Alpha and Beta lest 
scoftfs tnade by the different groups of men in the army 
■dutfijiig' the War. Brigham (17) reports that less than 
, of the Negroes exceed the average for nativc- 
bdrft white draft; and on the strength of this he une- 
quivocally avers that there is a distinct racial differ- 
.ejicO; between.the American Negro and the white in 
general ItitelHgence. , He admits that "The army testa 
■showed the. Northern Negro superior to the Southern 
Negro and this. superiority is attributed to superior cdu- 
cWloaiPappoytunUies in the North,” But, in his opin- 
lort, the. superior intelligence scores of the Northern 
■ , Negro are. due to. thrcc factors: "(o) amount of cduca- 
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tional opportunity; {b) a greater amount of admixture 
of white blood; and (r) the operation of economic and 
social forces, such as high wages, which tend to draw 
the more intelligent Negro to the North.’* This selec- 
tive factor he would concede to be of greatest signi- 
ficance and is convinced that the difference cannot be 
explained adequately in terms of dissimilarities in edu- 
cational and social opportunities. Bagley (5), inter- 
preting the same data, attacks Brigham’s position, say- 
ing, “On pages 724-5 of Army report, tables distribute 
by state the scores of the literate negroes on Army Al- 
pha. After computing the medians one finds that the 
literate negroes from Illinois not only surpassed the 
literate negroes from the South, but also achieved a 
median score about the median score of the literate 
whites from the Southern states, indicating. the effect 
of schooling on intelligence.” Ferguson (35), on the 
other hand, finds that the median score attained by the 
Negroes on Army Alpha is inferior to that of the 
mountaineer white. 

Studies of racial differences arise from a specific and 
practical need of adjusting educational systems and 
social and economic institutions to groups of people 
who are apparently different from the dominating and 
controlling group. It is quite natural, then, that the 
primary considerations should revolve around the ques- 
tion of intellectual capacity, the plasticity and modifi- 
ability of the group to be studied, or, in other words, 
the general intelligence of the group. It is equally nat- 
ural that the earliest attempts to measure mental ca- 
pacity of different races would be in terms of neurf)logi- 
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cal structure, the size, weight, and shape of the brain. 
Mere reference to the work of Bean (10), Mall (75), 
and Hrdlidka (61) is sufficient to demonstrate the inad- 
equacy of such methods in determining racial differ- 
ences in intelligence. Furthermore, intelligence per se 
began to be interpreted more in terms of functions than 
structure, and with the devclopmcntof intelligence tests 
new theories and new problems were introduced into 
the study of racial differences. Aside from the colos- 
sal data gathered from the Army Alpha and Beta 
scores, many experiments have been conducted using 
th'c Several revisions of the Binet, Yerkes Point Scale, 
iVCyers Mental Measures, and various types of group or 
individual tests, verbal and non-verbal, abstract and 
performance tests, as instruments of measurement. Fer- 
guson (33) used Wood worth -Wells Mixed Relations 
I and n, the Ebbinghaus Completion, a cancellation 
test, and a Columbia maze test for examining white and 
Negro public school children. On these tests be found 
that the performance of the Negroes is only 75% as 
efficient as that of the whites. Strong (I04-), having 
examined 350 white and colored children by the Clod- 
dard Revision of the Binct-Simon Scale, reports that 
twice as many Negro children show retardation in 
mental age as do white children. The colored children 
in the schools of Oklahoma City, according to I#acv 
.(■66), have apparently less of the "abilities measured 
by .the Binet and Otis Self-Administering than do the 
Avhite children of the city or the white children 
throughout the country." After giving the National 
Intelligence Test to 1272 children in IDallas and Fort 
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Worth, Garth and Whatley (40) report the average 
IQ of the Southern Negro to be 7S, and the average 
disparity between real and mental age is 2.6 years. 
Price (96), studying the intelligence ratings given Ne- 
gro and white freshmen in Negro and white colleges, 
respectively, finds that the difference in median score 
was ten points in favor of the whites, and that 20% of 
the Negroes reach or exceed the median of the whites. 
Baldwin (7), examining delinquent girls, both white 
and colored, at the Pennsylvania reformatory, states 
that the Negro girls accomplished only 62.4% as much 
work on a substitution test as the white girls, and that 
they made 245.3% more errors. Thorndike (112) 
concludes from the intelligence scores of colored and 
white high school pupils, that, “Less than four per- 
cent of the colored passed the median white score for 
the corresponding grade; and this percent would be a 
little decreased if the two tests were increased to an 
infinite number.” Peterson (88), having applied 
group tests to six different school systems from the 
Southern states, says that, “About 83 percent of the 
wliites are more efficient than the Negro of median 
ability, while only 15 to 18 percent of the Negroes 
reach the white median ability. The difference seems 
to be greater than this when stress is placed chiefly on 
the more abstract logical relations.” 

Other studies might be quoted but these seem suffi- 
cient to illustrate a consicicrahlc body of dat.a prcilicat- 
ing white superiority in greater or less degree. Not- 
withstaiuliiig llic preponderance of evidence favoring 
white superiority, many writers admitting the quaiui- 
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itflkve jliffcrences, ncverihclm, take issue with these 
tenets ihd attribute the averred differences to extra- 
.i'abiaj fiititors. Reuter (100), for example, states that 
^^‘the differences found to exist between INegro and 
While, arc subject to a more immediate, complete, and 
adequate explanation on the grounds of a difference in 
education and educational opportunity. . . . The idea 
Of a racial inferiority and superiority is not a present 
: ipriablem of research among atudents; it is a matter of 
.'^efate among laymen. For approximately two decades 
‘'itkote h^s been virtual agreement among scholars; all 
accept as a provisional but fairly well founded work* 
Itig hypothesis the position that the various races and 
peoples of the world are essentially equal in mental 
ability and capacity for civilization," Then Thomp* 
son (lll)t whose statements are pregnant with emo- 
tion, contends: "The doctrine of inherent mental in- 
feriority of the Negro is a myth, unfounded by the most 
logical interpretation of the scientific facts on the aub- 
jeofcproduced to date. , , , The mental and scholastic 
aohifryements of Negro children, as compared with 
white, children are, in the main, a direct function of 
their ertviipoomental and school opportunities rather 
than a furiction of some inherent differences in mental 
.ability,” Gregg (48), judging the degree of skin pig- 
, mentation of. a number of valedictorians and salutator- 
lans. at Hampton Institute, and finding as many dark 
aS' light students so honored, says, ^'Ii is evident 
ill So far .as color may indicate the degree of white or 
Negro- blood, It signifieB little or nothing with respect 
tq intellectual ability.” Reinhardt (98) claims that 
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fossil remains give no support to the white man's claim 
to superiority; that living representatives of the two 
races do not prove Negro inferiority; the army and 
other intelligence tests do not show that the Negro is 
inferior ; and that the preponderance of evidence is on 
the side of superiority of opportunity rather than supe- 
riority of inborn race equipment. Nutting (8+) 
believes the inadequate performance of American 
Negroes is best explained in terms of "inferiority com- 
plex.” Others recognizing measured differences in 
studies of Negro-white characteristics, but not admit- 
ting a real difference, attribute the measured differ- 
ence to some factor in the test situation, the disadvan- 
tage of a colored man on being tested by a white man, 
the construction of the tests being the handiwork of 
white men, and to unavoidable factors of selection of 
subjects, etc. 

More cautious students of racial differences between 
whites and Negroes have avoided generalizations rel- 
ative to intellectual endowment and have attempted to 
analyze these differences into more specific traits, 
either mental or temperamental. It is frequently claimed 
that the Negro is at a disadvantage on the ordinary in- 
telligence test because his time of performance is slow, 
and many tests are rigidly scored on a time basis. The 
importance of speed as a measure of intelligence ig in 
itself a matter of contention among psychologists, 
Highsmith (59) says that the rate of response is not a 
reliable measure of intelligence. Peak and Boring 
(87), on the other hand, believe that ".Speed of reac- 
tion is an important, and probably ihc most imporiaht 



OKNBTIC mCMOtOOV MOHOORAPm 


I**- 

factor in individual differences in the inicJligcni aci. 
We find these differences in speed are nui due i«) gross 
distractions or irrelevant acts, but inhere in a single 
item of an intelligence test, and probably in so simple 
an act as the muscular reaction.'’ However that may 
be, insofar as speed may be a factor in testing and inter- 
preting racial differences, there arc several quantitative 
studies from this angle. Peterson (91) says, “Many 
of the available tests, especially group tests arc of such 
nature that the scores are considerably influenced by 
certain, cultural ‘sets’ or attitudes; such as habitual 
slow rate of work, carelessness about accuracy, tend- 
:,dhcy to skip hard items in the test and therefore to 
■ Waste time in finding the easy ones (practices seem- 
ingly common among negroes). . . . Individuals arc 
Inoved not only by present contacts and stimuli as mere 
physical objects, but they gradually build up 
or attitudes from contact with many situations whose 
effects ace somehow carried over and become organ- 
ized into more or less permanent tendencies of the 
kind mentioned. . . , These matters should not be over- 
looked in race testing. Differences obtained by means 
of tests, if these factors have not been equalized with 
the. greatest care, cannot be set down uncritically aS 
native differences.” The most recent study of the ef- 
fect of speed of performance in interpreting racial dif- 
ietcnces is that of Klineberg (64) whose results from 
experiments with white, Indian, and Negro cliildrcn 
indicate that, “Superiority of White over Indian and 
Nepo chltdren in performance tests is largely, if not 
entirely, a superiority in scores for time. There is n« 



A STUDY OF WHITK AND NEGRO INFANTS 


15 


superiority, and in some cases an inferiority, in the 
scores for accuracy of performance. . . . There is evi- 
dence that the greater speed of performance of White 
children, which is responsible for the better scores for 
time is more probably determined by environmental 
than by racial differences.” 

Since it is frequently claimed that Negroes do better 
in rote memory or when dealing with practical con- 
crete problems than when responding to more sym- 
bolic situations, many experimenters have essayed to 
break “intelligence” up into more elemental aspects 
for purposes of racial comparisons. Derrick (31), 
studying college students above the age of 16 years, says 
that “the negro is better in memory and concrete rou- 
tine problems than in those involving mental abstrac- 
tion.” His findings were substantiated by Sohwcglcr 
and Winn (101) who studied children of the seventh 
and eighth grades. The instrument of measurement 
was the Stanford Revision of the Binct, and they find 
the whites superior in tests of abstract reasoning, and 
recognition of ideas, whereas in rote memory ami 
verbal facility the two groups were on a par. In tests 
of practical, common-sense adjustment, such as the hall- 
and-ficld test of the Binet, the Negroes arc in their opin- 
ion equal to the whites. Peterson (90) finds the Ne- 
groes equal to the whites in retention and memory, hut 
inferior in speed and reasoning. Sunne (107), on the 
other hand, notes a greater disparity between a group 
of w/iitc and Negro children on the National riite/fi- 
gcncc Tests on the strictly linguistic items, and con- 
cludes that the Negro is not superior to the while in 
verbal reproduction. 
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Measurable differences in the performances of while 
and Negro groups is frequently atiributed to temper- 
amental differences rather than to differences in mental 
capacity, Although the instruments for measuring 
character traits arc still unrefined, several aiiempis have 
been made to estimate characteristic trends of the two 
racial groups. Bond (16), having given the Presscy 
X-0 and the Downey Will-Tcnipcrainent group lesu 
to 175 Negro adults, finds no distinctive pattern typical 
of a group profile. McFadden and Dashieil (77), 
who studied the volitional patterns of white and Negro 
high school students by means of the Downey Will- 
Temperament Test, conclude that the Negro is slower 
in movement than the white, less flexible, is quicker in 
tnaking decisions, motor impulsions slightly greater, 
carries a slightly greater load of inertia; reacts more 
firmly against contradiction; offers less resistance to 
physical opposition; takes about the same or slightly 
less time in reconsidering his decisions; has about the 
same amount of interest in detail; less ability in coor- 
drnating impulses, and a slightly less tendency to vo- 
litional perseveration. Crane (25) setup a laboratory 
experiment for estimating the differences in inhibitions 
Of the two groups. Having concluded from his results 
that inhibition tends to be a simpler process among the 
Uacks than among the whites, he pictures the follow- 
ing situation which is illustrative of his interpretation 
of the Negro temperament in this respect: “Consider 
the situation of a white and a colored man in an ele- 
vator accident in which the car suddenly started to drop 
toward the bottom of the shaft with an accompaniment 
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of more or less noise. It does not seem unwarranted 
to predict that the colored man would immediately 
give vent to his instinctive reactions, whatever they 
might chance to be, after which if he escaped without 
injury he would be comparatively calm. The white 
man, on the other hand, would have more to contend 
with within himself and, though exercising greater con- 
trol would probably exhibit just about as much instinc- 
tive behavior as his colored brother. Though the colored 
man might pick himself right up and walk off as 
though nothing had occurred, the white man would 
probably be all ‘flinchy* for a considerable time to 
come.” 

There have also been a few studies of the specific 
abilities of Negroes, such as musical or mechanical 
ability. The instrument usually employed for the meas- 
uring of musical talent is the Seashore Victrola rec- 
ords. Gray and Bingham (47) took a group of trained 
and a group of untrained Negroes matched with a 
group of trained and untrained whites and a group of 
trained mulattoes, in their investigation of the musical 
ability of colored and white in the public schools. Ac- 
cording to their results the Negroes in the untrained 
group show a superiority over the white untrained 
group in pitch and memory. On the other tests the 
whites show a superiority. Of the trained groups, the 
whites show a superiority in eight comparisons, and 
the mulatto shows a superiority to the Negro trained 
group. On the strength of these fimling.s ihrv eoiu ludc 
that there is a high correlation between musical sctire 
and an index of brightness. Yale Nathan.son (H.O, re- 
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porting an investigation by Guy B. Johnson of 3500 
persons in the graded schools and colleges of North 
Carolina in which he used the Seashore tests, supports 
Johnson's opinion that "the only absolute racial ad* 
vantage which the Negro possesses above the Cauca- 
sian is in vocal ability . . . the Negro voice on the aver- 
age is superior to the white voice, but this is due to an 
anatomical difference between the races in the organs 
of vocalization and does not reflect a superior musical* 
ity. ... If we accept this superior vocal quality of the 
Negro voice there are no significant inborn differences 
in musical talents between the two races." 

No attempt will be made in tills chapter to evaluate 
these investigations in terms of procedure, conclusions, 
or interpretations. They arc sufficient, however, to il- 
lustrate the chaotic opinions extant relative to racial 
differences as evidenced in the American Negro and 
white races. The cautious experimenter must so qual- 
ify hia conclusions that they cease to be convincing; 
and the more dogmatic writer fails to offer supporting 
evidence of sound quality. Any investigation of racial 
differences in terms of white and colored traits is 
clouded by two factors: (a) admixture of white and 
Negro blood, and {b) the effect of environmental (ac- 
tors. Since it Is impossible to control or rule out these 
variables, enlightenment upon the subject must depend 
upon an accumulation of evidence from various inves- 
tigations, each controlling or measuring a different as- 
pect of the problem. 

Herskovits (^3) has made some brave attempts to in- 
terpret Negro intelligence in terms of the amount of 
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Negro blood. Assuming that any distinctly racial 
characteristic wiJJ correlate in degree with the purity 
of blood of the particular race, he has conducted ex- 
tensive and intensive researches to measure racial dif- 
ferences thus indicated. His criteria for "amount of 
Negro blood" were based upon complete genealogies 
plus physical measurements of {a) pigmentation, (6) 
width of nostrils, and (c) thickness of lips. Correlat- 
ing the scores of college students on the Thorndike 
College Entrance Examination and the amount of Ne- 
gro blood as so determined, he concludes: "We are 
forced to recognize that the relationship between test 
scores and physical traits denoting greater or less 
amounts of negro blood is so tenuous as to be of no 
value in drawing conclusions as to the comparative 
native ability or relative intelligence of the negro when 
compared to the white," Since it is so diflicult to de- 
termine the degree of purity of blood in Negro sub- 
jects, most investigators have contented themseives 
with the social definition of the word; others have at- 
tempted to classify their subjects according to skin col- 
oration. The method used in determining the percent- 
age of black has varied-some using nothing more than 
the judgment of observers, others applying one or more 
of the several laboratory techniques which have been 
developed for the purpose. The most common of these 
methods are: (a) the Broca scale; {b) the Von Lu- 
schan tinted glass; and (c), the most practical of all, 
the color top. None of these are infallible, but the 
color top seems to ofTcr the greatest relial)ility. Al- 
beit, if skin pigmentation were precisely n^casureci, t))c 
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extent to which it alone may be relied upon to indicate 
Negro heritage U yet another question. Todd and Van 
Coder (114), who used the color top in dcierminiiiR 
the black pigmentation in the skin of Negroes, say that 
the percentage of black pigmentation in the skin of 
Negroes cannot be called upon as a race distinciion. 
Some brunettes of white stock have as large a percent* 
age of black as many Negroes. Furthermore, the un- 
aided eye is no judge of the percentage of black pig- 
mentation. Davenport (26) ably points out the fallacy 
of using skin coloration as evidence of the amount of 
Negro blood in a given individual. After all, it appears 
that in the human species the determiners of skin color- 
ation are linked with not more than 4 of the 48 chro- 
mosomes, and the determiners of the other 44 would 
.have no association with that of skin pigmentation. He 
further adds: “Black skin color and woolly hair are 
dosely associated in the pure-bred negro, but associa- 
tion is, so to say, accidental, The determiners for the 
tvro tcaits dissociate in the germ cells of the hybrids and 
feappeat in the next generation in all possible combi- 
hations. j . . The fact that at least two of the negro’s 
.:traits are inherited independently opens the way for 
;Sonic interesting considerations of a social nature. As 
iaoftcn.thc'case, we have let one character, skin color, 
■epitothize, the totality of the racial characters of the 
grbu1ii’^ 

, Thevdllemma of the student of Negro characteristics 
iii therefore self-evident. Since there is no feasible 
method of establishing purity of stock as the Negro is 
known in this country, the results of any experiment 
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are, to that extent, subject to interpretation in tenns of 
inheritance of white blood, and a priori, white charac- 
teristics. Herskovits (53), doubting the validity of the 
1920 Census report, contends that approximately 80% 
of the Negro population of the United States repre- 
sents a greater or less degree of mixture of white blood. 
But he purports to find, notwithstanding this miscege- 
nation, marked homogeneity of physical traits in the 
American Negro, and he believes that by virtue of this 
admixture the American Negro is a type distinct from 
the white race with which he is amalgamated and 
equally distinct from the purc-blood African from 
which he is sprung. 

A purely Negro racial study might be conducted on 
subjects born in darkest Africa, but such a study would 
be of little practical value in adjusting the American 
Negro, not the African Negro, into an American so- 
ciety, If, as Herskovits claims, the American Negro 
is a distinct type, then to generalize from studies of 
pure African subjects, assuming that such studies were 
feasible, would lead to more fallacious practices and 
theories than those now existing. 

To control or eliminate the effect of environmental 
variables is practically as clifiicult as controlling the 
amount of white blood in Negro subjects. '‘Environ- 
mental factors” cover a multitude of discrepancies: 
inequality of opportunity; educational inequality; cul- 
tural inequality; language handicaps; difilciiliics in 
selection of subjects, etc. Garth (38) says, “'riic el- 
ements in a study of racial mental similarities or dif- 
ferences must be these: (n) so-called racc.s Rx and R^y 
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(6) an equal amount of educational opportunity E 
would include social pressure and racial patterns of 
thought, and (c) psychological tests D within the 
grasp of both ra.cia.1 groups. We would have as a re- 
sult of our experiment RiED equal to, greater than or 
less than R^ED." Garth's experimental requirements 
cannot be achieved, but, as has been said, mucli may be 
learned by means of qualified and modified experi- 
mental procedures. 

Restricting age limits of the subjects in an experi- 
ment is one method of qualifying experimental condi- 
tions. The youngest Negro children who have served 
as subjects for comparative studies in previous investi- 
gations were at the age of five and six years. Strong 
(104) compared white and colored children from six 
to twelve years of age, She finds that the colored 
children in the first five grades make n better showing 
than they do in the first seven. She used a revision of 
the Bvftet for measuring these children, and the fol- 
lowing table taken from her report shows the distribu- 
tion of children at each age rating below, at age, or 
above age. 


Age 

(years) 

Below agQ 
White Coloreil 

At 

White 

Colored 

Alwvc 

WiiU 

Cqtoretl 

6 

19.+% 

40,0% 

IQ.6 

jj.j 

S0.Q 

27.7 

7 

13.9 

29.4 

6iA 

nt.s 

25.0 

ii.a 

8 

ts.s 

23.0 

5S.S 

38.S 

26.0 

18.5 

9 

3a.2 

714 

41.9 

2L4 

25,9 

7.2 

10 . 

55,1 

75.0 

27-6 

12.5 

17.3 

115 

U 

34.6 

43.7 

42.2 

50.0 

2U 

6.3 

n 

67.5 

77.0 

32.5 

23.0 




It is easily perceived that the largest percentage of 
^ colored children test below age at years nine, ten, 
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eleven, and twelve. On the strength of these findings of 
Strong’s, Bruner (18) suggests a more rapid rate of 
maturation for the colored children. Arlilt (2), ex- 
amining Negro children from five to fifteen years of 
age by means of the Stanford Revision of the Biiict 
Scale, contends that, "Age has an effect on Median I.Q. 
of negro children which it docs not have in the case 
of native born whites. Actually very young negro 
children, five or six years old, have a median I.Q. of 
lOO, or average for the average social status group, or 
seven points above that of the whites for the same so- 
cial status, while negroes 10 to IS years old have a 
median I.Q. of 78.9.” Her contention is founded upon 
a study of 243 Negroes from five to fifteen years of age, 
.54 of whom were five or six years old. She classified 
them into social groups according to occupation of 
the father and then compared them with the norms 
established by Tcrman for children of certain social 
strata, as determined by occupational classification ac- 
cording to the Taussig scale. The children aged five 
and six were selected largely from a Negro play- 
ground; many of the others were chosen from Negro 
schools. Although Arlitt admits that this fact may have 
facilitated the selection of a higher type of child at tlic 
younger ages, since the more energetic ones would per- 
haps go to the playground, and although she rccr)g- 
nizes more tests of the rote memory type (on which 
Negroes supposedly do well) al the lower age levcLs 
of the scale, and a greater number of language tests 
at the upper end of the scale (on which Negroes .seem 
to do poorly), she nevertheless concludes that the effect 
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of age upon the median IQ of ihe Nefro child is a 
distinct racial difference. Other writers seem to infer, 
though less explicitly, that Negro children at the 
younger age levels more nearly approach the norms of 
white children. Murdock (81) finds that at nine and 
ten years of age, chronologically, the median score of 
Negroes on the Prcsscy Group Test ii approximately 
the same as that of the whites, but that at each succeed- 
ing chronological age the Negro median bccomoi lower 
and lower in comparison with that of the American 
white child, Witty and Decker (117) imply from their 
study on the educational attainment of Negro and white 
children that Negro children mature more quickly 
than white children, since the younger children tested 
on the Stanford Achievement more nearly reach the 
status of the white children than do the older ones. 

Undeniably some of these atudies lend support to the 
popular notion that the Negro child In infancy and 
early childhood develops more rapidly than the white 
bhlld though he attains his maximum development 
earlier and on a lower level. This idea seems 
to DC a corollary to the theory that prolonged infancy 
is correlative with the higher species of animal life. Tf 
such an hypothesis be true, then Negro Infants might 
be expected to show an acceleration in developmental 
traits coinmon io infancy. 

Modern psychology' attaches considerable signifi- 
cance 10 the diagnostic and prognostic importance of 
early developmental trends. Gcssell (41 a) says, “Al- 
though we, cannot say to what extent the infant stamps 
and mtikes the Way, we may safely believe that the more 
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fundamental life characteristics of the early outage- 
netic stages will also be found in the late stages. . . . 
The infant grows, the child grows, and also the youth 
and the adult. There must be some essential continu- 
ity in this growth. The growth characteristic of the 
infant must therefore prefigure in some ascertainable 
manner the growth characteristics of maturcr years and 
even behavior traits of those years.” "While the signi- 
ficance of early developmental traits is not unquestion- 
ably established, there are many suggestions that such 
characteristic patterns have predictive value, Biililcr 
and Hetzer (21) state that “in so far as pathological 
backwardness is a matter of very low learning ability, 
we were able to observe it as early as the middle of the 
first year.” In the light of these tenets, a racial 
study based upon the reactions of infants offers a new 
aspect to the problem of Negro-white difTcrenccs. 

The preponderance of quantitative evidence to date 
seems to favor a slight superiority on the part of whites 
when compared with Negroes in mental performances. 
The extent to which these measurable differences arc 
innate or environmental is still a matter of debate. 
There is also some experimental evidence, and more of 
theoretical hypothesis, to the effect that the amount of 
difference between white and colored groups increases 
materially with age. The vulnerable point with most 
of these studies lies in the standard for selecting sub- 
jects. If, for example, in the case of school ciiildrcn, 
they arc selected according to grade, then clironologi- 
cal age becomes an outstanding variable; if they are 
chosen in terms of chronological age, then the amount 
and kind of schooling present disparity. Language is 
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another item making for inequality in Ihc lesiing of 
older groups. Peterson (90) has averred that lan- 
guage is an important factor in the examination of Ne- 
gro subjects. The same word, although comprehended, 
has a different connotation for the Negro child and 
therefore modifies his mental set toward the test situa- 
tion. For example, "as fast as you can" may mean one 
thing to the Negro child and another to the wltite 
child. In testing infants neither group of subjects can 
profit or lose because of language differences. Cer- 
tainly, Insofar as a racial study is concerned, many of 
the conflicting and extraneous factors which loom large 
in an investigation of school children or adults may be 
obviated or minimized if the age limit of the subjects 
is restricted to the period of infancy. Furthermore, 
minor details which may facilitate marked inaccur- 
acies in the testing of older children, such as obtaining 
an inaccurate date of birth, arc lessened in the exam- 
ination of infants. (Negro mothers frequently cannot 
give the exact date of birth of their children and in 
such instances they are prone to guess. If the child is 
less than a year old the chances of getting an accurate 
birth date are greatly increased.) 

As previously stated, the presence of c.xtrancous and 
Variable factors in any study of the characteristics of 
the American Negro preclude indisputable conclu- 
sions. The present investigation makes no pretense of 
having eliminated these extra-racial factors, but in re- 
stricting the age limit of the subjects, many such dif- 
ficulties are automatically curtailed, and Ihc study 
therefore offers a new approach to the study of racial 
differences. 



II 


THE PRESENT EXPERIMENT 

The present experiment was conducted at Tallahas- 
see, Florida, a fairly typical Southern community of 
approximately ten or twelve thousand population, 
about fifty per cent of which are Negroes. (Tlie terms 
"Negro,” "colored,” and "blacks" will be used inter- 
changeably in this study, denoting the social concepts 
of the words. That is to say, the terms include anyone 
who is reared a Negro and socially accepted as such, 
irrespective of the amount of white blood that may or 
may not be present.) The community is especially 
suited as a field for racial study. The population, both 
white and colored, is remarkably stable, which suggests 
that both groups have been subject to the same climatic 
influences and variations for generations. The South 
is recognized as a section of “pure Anglo-Saxon” 
blood, and ih this particular community there is prac- 
tically no forcign-boni white element. I'lic parents of 
the white babies in this investigation arc in every in- 
stance Amcrican-born, usually for several generations. 
The birth rates of whites and Negroes for 1927 and 
1928, as quoted by the Bureau of Vital Statistics, arc 
approximately the same with a slightly greater number 
of whites born during those years than of Negro hahics. 
There arc separate public schools in (he coinmutiily 
for white and colored. The city is an imporiaiu lua- 
demie center of the state for both groups. I'lorida State 
College for Women (for whites) is located there and 

[271 
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also the State Agricultural and Mechanical Arw Cuh 
lege for Negroes. 

The community appears to be a railjcr typical Houih- 
ern community, and the babies sclccictl (or thii inves- 
tigation are quite representative of the two groups as 
they are found in the city. About fifty per cent of the 
babies born within the year'— both white and colored — 
figured as subjects in this comparative study. 

There are several considerations operating in the 
choice of subjects for this investigation. Obviously, re- 
stricting the life age of the subject is, to that extent, 
limiting the effect of environmental factors. The ques- 
tion then becomes; what is the lowwt age level at which 
distinctive measurable differences may be obtained and 
at the same time reduce the effect of environmental 
induenees to a minimum value, Of course, the period 
t^hen the individual is least subject to social or cn- 
viirdnmental factors is the neonate period, but unfor- 
^^ijately the prognostic value of reaction patterns at 
that level has not been so well determined as at a later 
age. There arc a few recent studies which suggest the 
level at which the Individual’s reactions are correlated 
with certain specific and immediate environmental and 
family relationships. Goodenough (+4), investigating 
the relationship between mtelligence of preschool chil- 
dren and the occupational classification of their fathers, 
finds that, “marked intellectual differences bct\vccn 
social classes arc well established by the age of two, 
three, and four years .... and the differences in en- 
vironmental' stimulation have no cumulative effect, at 
least after the age of two years . . . Goodenough 
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used the Kuhlmann revision of the Binet Scale for her 
study, and, apropos of a discussion of the simplicity 
of the test situations at the third year level, she further 
concludes: “The fact that children of different social 
classes show as great differences in their performances 
of these extremely simple tasks as they afterwards 
manifest in regard to the relatively complex problems 
of later life, lends support to the theory that under 
ordinary conditions of modern life, variations in men* 
tal growth are more directly dependent upon innate 
factors than upon differences in post natal opportunity 
and stimulation.” In conjunction with the same ex- 
periment she studied the relationship of the intelli- 
gence of the preschool child to the education of the 
parents and found a positive correlation ranging from 
.264 to .353 between the Kuhlmann-Binct rating of the 
child and the education of the parent, While her data 
show a positive relationship between the education of 
the parent and the intelligence of the preschool child, 
they do not reveal a greater relationship between the 
intelligence of the preschool child and the education 
of the mother as compared to that of the father, in 
spite of the fact that the preschool child spends more 
time with the mother tlian with the father. Good- 
enough seems to infer from this that the correlation 
between parent education and intelligence of the pre- 
school child is probably a resultant of inheritance 
rather than of sociological contact. In any event, the 
fact that there is no greater correlation between ihc 
education of the mother and the intelligence of the 
child than there is between the education of the father 
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and the intelligence of the child lends support to the 
minimum effect of sctcial-cnvironmcnial coniacis on 
the testing of young children. Furfey (37). further- 
more, finds no relationship behveen the iiocio-econoniic 
status of the parent ns rated on the Chapman and Siins 
rating scale and the intelligence of infants as measured 
by the L,infcrt*Hicrholzcr Development Seale (72), 
Goodenough (45), in aiicmpiing to explain this dis- 
crepancy with her own findings, is inclined to Iwlieve 
that the Linfcrt-Hicrholzcr scale "docs not measure 
exactly the same kind of ability as that indicated by litc 
tests used for older children.” However that may he, 
the Linfcrt-Hicrholzcr scale involves such lest items 
as are commonly accepted indices of maturation and 
Infant growth, and the study as such offers additional 
evidence of the minimal relationship of early envirnn- 
mcrttal factors on the measurement of development in 
infancy, Gcscll and Thompson (43), studying the per- 
fbrmanccs of identical twins, suggest that not only arc 
social contacts of relatively small consequence on the 
performance of infants, but that materials, practice, 
and exercise are comparatively inconsequential in 
altering the matu rational cycle of the individual infant. 
These investigators meticulously and assiduously 
studied several performances of identical twins, using 
One as control while the other was subjected to train- 
ing and practice. Their general conclusions point 
"consistently to the preponderant importance of ma- 
turational factors in the determination of infant be- 
havior patterns. . . . There is no conclusive evidence 
that practice and exercise even hasten the actual ap- 
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pearance of types of reactions like climbing and tower 
building. The time of appearance is fundamentally 
determined by the ripeness of the neural structures." 
This again brings up the whole question of the predict- 
ive value of these early infant reaction patterns. To 
what extent they are related to or indicative of later 
mental performances (such as arc measured by stand- 
ardized intelligence tests) remains undetermined^ 
and a discussion of that particular issue falls outside 
the scope of this study. It suflices for the purpose of 
this investigation to repeat that the trend of modern 
psychology is to place considerable importance on 
these early behavior patterns, no matter If they arc 
maturational or acquired. 

In the light of the foregoing studies, the age level at 
which environmental factors are minimized and yet 
quantitatively measurable differeiiccs obtainable would 
appear to be during tbe first year of life. So the sub- 
jects chosen for this study were Negro and white in- 
fants ranging in chronological age from two to eleven 
months, selected at random from the infant popula- 
tion of Tallahassee (that is, the method of selection 
was random and haphazard), though the same mode 
of choosing subjects was employed with Negroes ainl 
whites. It might be added that the social factors be- 
tween a group of Southern white and Negro infants 
are somewhat equalized by the fact that many ^Yhilr 
infants spend much of their waking hours in the l are 
of Negro nurses. 

As mentioned above, the method of selecting the 
subjects was varied and haphazani. 'I’lio first step 
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taken was us obtain the liit of babies bora in the com* 
mutiiiy during tbe past waive noonUH recorded in U» 
birth tegUiry by the ob«ictridtas tad tnidwv«. Ixt* 
ten inviUni cooperation were mtikd to ibc parenw ol 
these inftau, but at least 80% were returned from die 
post'Oibce ftiflrkcd "‘Insuffieieai addreis/’ There 'imc 
; st^vectl contributiog cauies for the ioeflSeacf of this 
methbd In making cofttactwth the parents: («| nama, 
addresses, and dates were frequently iaaccoraicly rt- 
corded In the registry; lb) espceially among the 
Negroes mmy of those addresj^cd seldom, if ever, re* 
ceived a letter; were therefore unknoifra to the post* 
man on the route, and, unices a deBnite house number 
was given, he could not locate them. (Many of the 
Negroes have , no address more delintte than the name 
;0f the ‘‘quarters'* in which they rmlde.) And (e) the 
letters numbered about 2S0 and were therefore not 
liven the individual attention a tingle letter would re* 
ccive by the post-offlee authoritii^. 

Another contact was made through the white and 
Negro obstetricians in the city who furoiihed the 
names of infants known to them. This was a reason- 
ably productive source and usually elicited coopera- 
tion from the parents. It was, however, somewhat se- 
lective, since those who could afford a physician were 
obviously pf the better social and economic classes, es- 
pecially among the Negroes. A third source of infor- 
mation was made through the public schools—whitc 
and colored. The teachers supplied n list of names of 
those children in their classes who have "a baby in 
their home,” 
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The most eflfective, and incidentally the most ludi- 
crous, method was a sort of house-to-housc canvass. 
The writer and assistant would drive through the com- 
munity watching for diapers on the line or any other 
known insignia of an infant in the home, or they would 
approach passers-by and ask if they knew of babies in 
the neighborhood. The usual horde of Saturday after- 
noon shoppers in a small town brought the customary 
cargo of infants, and the price of securing them was 
just enough bravado to approach the shop-worn 
mother, make the proper remarks on the attractiveness 
of the crying infant in her arms, explain one’s general 
and specific interest in babies, and thereby sell to her 
the idea of “loaning” her child for the experiment. 
The local Ten-Cent-Store was a strategic location for 
such "baby pick-ups.” 

With some of the mothers, notably the Negroes, it 
required something more tangible than taking part in 
an experiment to educe her cooperation. She was 
therefore offered the advantage of having her baby 
weighed and measured and was promised a kodak pic- 
ture of the child as an additional induccinent. The 
details involved in securing subjects are reported 
merely to demonstrate that the method of selection was 
“random.” The same method was employed in con- 
tacting both white and colored subjects. 

Although the subjects were selected at random and 
the results for both white and colored yield a normal 
distribution in terms of “Dcvelopinciitnl Quotient,” 
the educational levels of the parents tend toward ilie 
upper grades, high school, and college levels for both 
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white and colored, though the educational classifica- 
tion of Negro parents sliows greater variability. The 
educational classification of the parents according to 
the mother’s report is revealed in Table 1, though this 
classification is subject to sonic error since the Negro 
motliers would often “guess" at the grade achieved, es- 
pecially when reporting the educational level of the 
father. FurtWetmorc, in view of the great amount of 
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Grade 

Colored 

Wliile 

Second 

4 


Third 

5 
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5 
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FlCiK 

% 
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Sixth 

II 

erh ] 

Seventh 

1 

?ih f 11 
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High achool 

ft 

1ft 

College or normal 

11 

30 

Undetermined 

6 
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Second 

6 


Third 

3 
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5 

\ 

Fifth 
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Sixth 

1 

2 

Seventh 

I 

2 

Eighth 

t 

5 

High school 

12 

21 

College or noimai 

5 

2-1 

Undetermined 

8 
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illegitimacy and promiscuity among the Negroes, it is 
questionable if the Negro mothers could in every in- 
stance identify the father of the child. 

These figures are in answer to the question : "In wJiat 
grade were you when you left school?" TJie data, as 
classified, are somewhat misleading, for if a parent 
spent four weeks or four years in college he was placed 
with the "college" group. But the figures are too small 
for more refined classification. The surprisingly large 
number of those who fall in the "college or normal" 
group both for the colored and the white is probably 
explained by the presence of a white and also a colored 
college in the town. However, it should be borne in 
mind that since the Negro college was a college of 
agriculture and mechanical arts the term "college" is 
by no means equivalent for the two groups. There is 
another possible fallacy in the classification. Althougli 
some of the Negro mothers claim to have attended the 
second, third, or fourth grades, a more accurate classi- 
fication for them would no doubt be "illiterate." In 
any event, very little significance is attached to these 
data, though they do suggest that there was a tendency 
to draw more heavily from the better educated parent 
for both the white and colored groups. 

No attempt was made to classify the parents ntx-nnl- 
ing to occupational level, since there is no adequate i*r 
even plausible criterion for equating the ciccupalinnal 
classes of Negroes and whites. Nor wus It possible to 
elicit reasonably accurate information from some <if 
the Ncgrr) mothers relative to the oecupaiifui of ilii’ 
father. There are several rating scale.s in use for e.sti- 
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mating social and economic status of families, but none 
is applicable in judging the social level of Sauthem 
Negro homes, and to attempt to do so would be more 
misleading than justifiable in an investigation of this 
sort, 

As stated above, the term "Negro” was accepted in 
the social usage of the word. This seems warranted in 
view of the fact that the "social” Negro is the Ameri- 
can problem. Furthermore, there is, as yet, no reliable 
method of estimating, with unquestionable accuracy, 
the degree of white blood in an individual. To rely 
upon genealogies as given by the mothers is worse than 
worthless. It is a well-known fact that some life insur- 
ance companies refuse to insure Negroes because they 
cannot identify the line of heritage. The most com- 
mon method is even less reliable with infants than with 
older children and adults, Davenport (26) in making 
all: investigation of heredity in skin coloration excluded 
:aU subjects under two years of age on the ground that, 
"such individuals have not yet gained their full pig- 
mehtation; that in them melanic pigmentation is in 
fail embryonic condition.” Then, as was pointed out in 
.Chapter I, skin pigmentation, if precisely measured, is 
ie no measure of the heredity of white or Negro 
bloods 

Ail:the infants in this experiment were examined 
within two days of the monthly birthday. Only infants 
repdrfed by the mother as full-term pregnancies were 
included in this experiment. Experimental conditions 
were held constant for both groups. All examinations 
were niade in the same examining room and by the 
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same examiners and with the same test materials. In 
order to establish a technique in administering tests, 
the writer and assistants examined approximately ten 
babies before any results were used for experimental 
purposes or for this investigation. Ordinarily the 
writer or an assistant went to the home and brought the 
child to the examining room for study. Occasionally 
the nurse, mother, or some member of the family ac- 
companied the infant. More frequently the baby was 
unaccompanied by anyone from the home. No attempt 
was made to control the presence or absence of the 
mother in the examining room. If the mother desired 
to be present she was allowed. The only question was 
one of rapport, and every effort was made to obtain the 
maximum rating of the infants. In one or two instances 
when n complete rating could not otherwise be ob- 
tained the presence of the mother was requested. This 
situation was individual and not racial. About as 
many colored mothers were present during the exam- 
ination as there were white mothers. 

Records were included in this study only if examin- 
ers felt rapport was well established and chat the baby 
was examined under optimum test conditions. Some- 
times it would take two or more appointments in order 
to obtain a maximum rating of a given child. In some 
instances the baby was allowed to sleep or was given 
food in the examining room by the examiner in order 
to establish more complete rapport. It seemed better, 
in view of the huts in which many of the Negroes live 
and the innumerable curious children flocking around 
the homes, to test all the babies in the same room even 
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if it involved laking ific child out tif his familiar sur- 
roundings and placing him in a strange one with rela- 
tively strange adulu. Taking them out of their own 
home had its advaniagts and disadvantages. In the 
first place, it held the conditions more constant for the 
two groups than would otherwise have been possible, 
but, on the other hand, even with very young babies a 
more complete reaction may be elicited when the child 
is in Ins familiar environment. The infants were 
brought to the e.famining room in an open automobile. 
For most of them this was a very pleasant experience 
— a pleasant experience which, at the outset, became 
associated with the examiner, Unfortunately, taking 
them out of the home required getting them “dressed 
up”— -a process disagreeable to most babies. On the 
whole, however, the advantages of a const, int testing 
room seemed to overbalance the disadvantages, and for 
that reason it was employed in this investigation. 

The test equipment was of such material that every- 
thing could be thoroughly sterilised after each exami- 
nation. This was done by prolonged boiling, nr washing 
in a solution of bichloride of mercury, and cxpttsiirc to 
Florida sunshine, 

The infants were scored on a scale of “Jiaby Tests” 
compiled and standardized by Hildcgard Hcfzcr and 
Rathe Wolf. A detailed description of these tests and 
the administration thereof will be given in the succced- 
, ing chapter. 

There were always two persons active in the adminis- 
tration of the tests, one as examiner and the other as 
recorder. Some of the test items were extremely siih- 
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jective in rating. In any doubtful situation in the 
present investigation the rating was determined by the 
combined judgment of examiner and recorder, that is, 
a rating was marked failure unless both examiner and 
recorder agreed orally that the reaction was adequate. 
Ordinarily the response was elicited from the infant 
more than once. The writer's assistants in this experi- 
ment were four students from the advanced course in 
child psychology given by the writer at Florida State 
College for Women. One was a graduate student in 
psychology and another a graduate nurse; they were 
trained by the writer and assisted at intervals in the 
administration of the tests. 

Such information as the following was obtained, 
usually from ilie mother, concerning the child's his- 
tory: (n) age, (/;) sex, (c) type of birth- -full-term or 
.premature, {d) father's occupation, (e) father's edu- 
cational status, (/) mother's occupation if she works 
outside the home, (yy) educational status of mother, 
(/j) child’s position in the family, number of sibs, etc. 
Many f)f these data are, however, of little value insofar 
as the interpretation of the results of this investigation 
is concerned, since the reliability of report is liighly 
questionable. However, this is of relatively small im- 
portance because the weight of the investigation rests 
upon the immaturity of the subjects rather than upon 
an c‘(]uation of social background. 

The age level at which environmental factors are 
reduced to a minimum and measurable difFcrenccs in 
performances of individuals are at the same age nbtain- 
ahlc appears to he wiiliin the first year of life. Al- 
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though the relationship between carljr developmental 
reaction patterns and subequeni intdlmual istuinmenl 
is undetermined, the trend of modern p«>'chology seems 
to attach considerable importance lo ilicse early be- 
havior patterns. If these early khaviar paiierni in 
infants have diagnostic and prognt^iic value, then a 
racial study of these traits gains sigoiricance. In vinv 
of the extent of amalgamation of the Negro and (he 
white races in the United Slates, and the impractical 
bility of measuring the amount of heritage from one 
race or another in a given individual, the present in» 
vestigation is based upon a comparison of American 
white infants with other infanti who are socially ac- 
cepted as "Negro" irrespective of their heritage of 
white characteristics. The investigation involves an 
examination of 68 white babies and 60 colored babies, 
. ranging in chronological age from two lo eleven 
months, selected at random from the infant popula- 
' tlon of Tallahassee, Florida. 

of measurement used was the scale 
;.'0{ Vienna "Baby Tests" and certain gross physical 
riieasurbments. Experimental conditions were held 
codstaht for both groups as to means of ablectiort and 
method of examination. 
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MEANS OF MEASUREMENT 

Scanning the literature on mental measurements, one 
readily understands why the school child and the adult 
should be the selected subjects for racial comparisons. 
Reliable, standardized tests for these groups have been 
in practical and e.xtensive use for some time, Although 
much attention has been focused upon the growth of 
the infant and the preschool child during the past 
decade, many of these studies have been of the longi- 
tudinal, biographical sort, and the development of 
standardized techniques of measurement for young 
children Is still in its primacy. Perhaps the most co- 
lossal undertaking in the establishing of developmental 
norms at the early age levels is that of the Psycho- 
Clinic at Yale, under the direction of Dr, Gcsell (41 ). 
These tests do not, however, constitute a scale. Linfert 
and Hierholzer (72) have a point scale standardized 
on 50 infants at each of the following ages: 1, 2, 3, 6, 
9, and 12 months. Figurin and Denisoff (36) estab- 
lished norms of behavior on 100 institutional children 
and 100 well-reared children under one year of age. 
Kuhlinann (6Sa), in his re-standardization of the 
Binct, established norms for infants at the ages of 3, 6, 
9, and 12 months. To evaluate or discuss the relative 
significance or reliability of these several tests or scales 
falls outside the province of this chapter, the purpose of 
which is to give a detailed description of the particular 
scale selected in this investigation as the instrument of 

( 41 ] 
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measuring developmental growth in infants under one 
year of age. 

This scale of “Baby Tests'* was devised and stand* 
ardized by Hildegard Metzer and Kathc Wolf (5H), 
under the directum of Charlotte Buhlcr of the Psycho* 
logischen Instiiui in Vienna. The aoihurs have at- 
tempted to embody within the scale tat Kituatinns 
which, in combined form, estimate the maturity level 
of the child in the various aspects of typical behavior 
at a given age. The test items were selected from an 
inventory of activities compiled from a 24'hcjur obser- 
vation on the behavior of infants at the difrcrcnl age 
levels. The aim of the scale is to get a total picture of 
the behavior of the baby at a given age, and for that 
purpose those situations stimulating responses most 
characteristic of the behavior of the normal child at a 
particular chronological age are included in the scale. 
These characteristic traits have been formulated by 
Karl Biihler (2ln) as (n) the child's control of his 
own body, the development of coordinations in the re- 
ception of and defense to stimuli; {b) his gain in the 
manipulation of objects; (c) the infant's establishing 
of social contact; [d) early development of memeuy 
and imitation; and (e) the setting of goals and the 
achievement of objects. Of course any one particular 
test item may involve one or more of these several as- 
pects of the normal maturation of an infant. The 
rather neat graduation of some of the test sitiiatinns is 
best shown by illustration: The infant's growth in con- 
trol over his environment is well clcmonstraied by a 
simple piece of cotton touched lightly to the nose. A 
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two-naonths-old baby will turn his head (avoidance) j 
a three-nionths-oid baby will wriggle his whole body 
(more vigorous avoidance) ; a seven -months-old baby 
becomes aggressively defensive and will push away 
with his hand the source of annoying stimulation. Or, 
to illustrate the steps through which the child will pass 
in establishing social contact: At four months of age 
an infant will gaze after an adult who leaves him; at 
six months he will try by cooing, seeking the eye, etc., 
to attract the attention of the ignoring adult; and by 
nine months he has become so aggressive in seeking 
social contact that he will pull at the adult’s clothing. 

The tests were standardized on 20 children at each 
month level. The allocation of a test at a particular 
level was determined by the percentage of children at 
a given age who passed the test. 'The range, according 
to their findings, during which a particular behavior 
trait might appear, covered just five months. That 
is, the time or age level at which the youngest child is 
able to achieve a particular performance to the age at 
which it would have been achieved by 100% of the 
babies extended over a range of five months. For ex- 
ample, according to the authors of the scale it was de- 
termined with 100 babies that the "manipulation of an 
object” was achieved : 

in the second month by S%, 
ill the third month by 
in the fourth month by 65 
in the fifth month hy 90'X., 
in the sixth month hy lOiV/o, 

The test was, therefore, placed by the authors at the 
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fourth month. A test was placed at a given age level 
if it proved too difficult for the median child one 
month younger. Xhe allocation of the lest items will 
be discussed more fully in connection with the method 
of scoring used in the present study and the inierprcia* 
tions of these results. 

A detailed analysis of the test items and the method 
of administration (free translation) follow. 

Moltriah needed 


2 colored celluloid rattles 
1 bright disc 
1 shrill whittle 
1 cleppcr 
1 bell 
1 mnsk 
cotton 

cardboard cover 
1 screen 
Ktop^watch 


napkin 
rubber doll 
nest of 6 cubes 
I mirror 
1 picture book 
1 ball 

I box— 2 cover® — different aiises 
1 glass plate 

1 itring 

2 spoons 


II. Two-Momths Tmt 

1. Holding Head Erect . The experimenter, by support* 
ing the sent and bock of the child with one hand, 
shoulders and head with the other hand, brings the 

' child out of the horizontal into the vertical pt^iiion. 

Then he carefully removes the support to the head, 
being reody to replace the support if the child cannot 
carry its head alone, letting it fall forwards or back* 
wards. 

Successful reaction: Passed if ibc head is held erect 
by the child for several seconds. 

2. Holding Head l//> When Lying Face Down, 'llie 
child is placed vcntrally on a liorixontal aurfacc, so 
that the licad lies securely between the nvo arms 
which arc bent at the elbows. Generally, the child, 
in order to avoid the disagrecnble contact of face with 
underlying surfoce, lifts up the head at once, without 
fiirthcr interference of the examiner. If the reacliim 
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does not occur spontaneously it is often provoked by 
introducing a sound atimulus toward which the child 
will turn, or by presenting a visual stimulusc One 
can knock on the tnbici vwhistic, or pass an object be- 
fore the eyes of the child, 

Successful reaction: Passed if the head is raised up 
from underlying surface* 

3. Searching, Turning of Head During a Continuous 

Soiitid Siimnhts. Half n meter away from the child, 
a rattle is shaken, not in line with the child’s direc- 
tion of vision. Examiner be absolutely hidden 

from the child. 

Successful redciton: Turning of the head; the gasje 
generally remains fixed, 

4. Taking Fright at Lend Sound Slimuhn* The ex- 
aminer, who cannot be seen by the child, vigorously 
claps his hands for 5 seconds or rattles for the same 
length of time a small child’s clapper. 

Successful reaction: Passed if blinking of cyeUds, 
distorting corners of mouth, wrinkling brow, iwi tell- 
ing, and uneasy movements of entire body, making 
fists, crying, sounds of displeasure, screaming. (Only 
one or more of these reactions is necessary for a posi- 
tive score.) 

5- Fixating. A radiant object — a disc of S-ciu, diameter 
covered with tinfoil — is brought one and onc-hnif 
meters from tlic face of the cluld and in his line of 
regard. 

Successful reaction: Rather long quiet looking, or 
staring, at the object. 

6. Flight 2\lovetn€nts tvilh Head. With a hit of col ton 
or cellulose the examiner mukcfi the movements «>f 
nosc-cicaning on the nose of the child. 

Successful reaction: Turning away the hend ; dis- 
turbed turning of head to both sides. 

7. Social React ions. The adult step^ up lu the bed iif 
tile child, henils over, and cries tn catch his eye. He 
remains in this position for one or two minutes, and 
tlicn suddenly leaves the child. 
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SuMtifitI nacihn: Omliosi ol crying which my 
have been gniriK before I he adult sippe^rird; mien* 
bIvc oWrvUiw^ til crjvnft 

leaves the bed. (Partial rtmetion *ioflk«n.) 

8* Reaction id Cknn^c in Pitch */ Tivice. exam- 

iner hides from the child and ftpeak» in his normal 
voice io ihe child /or 30 mx>nd'«i, T'Ht'h Ivr suddenly 
staris mutlcriniit in n derp vuicc fur JO 
A high fnisicllo voice may be ujied instead. 

Sncctssful rei^ctwn: Pa«J if blinking of ryelidii, 
di'aiorting corners of mouih, wrinUin;^; bratv, iwiich* 
ing and uneasy mavemenii of ihe whede bmly, cream- 
ing, sounds of displeasure, cryinif, making fieift, etc., 
appear, (A partial reaction iiuffices.) 

9. Babblings, Cannot be provoked by specially intro- 
duced ttimuli. Will probably appear s[^iaftimiiLly 
(luring the course of the exominaiirin. 

Successfid rettciioFi: Sponloneous vrKaliaationr^; re- 
ports of mother or nuf«c acoepied as pcmiive evi- 
dence, 

10. Experimental Adovemenit*. Connoi be provoked by 
specially introduced atimuli, Must in all aim h^ 
observed by the examiner hinmlf. 

Successfu} reaeiion: The appearance of sUiw, quiert 
movements, which the child him^lf observes, followis, 
One of their main eharncitmitei \% iHai one and the 
same movement is repented a number of limtrs by the 
child in exactly the same w^y. 
ni, ' Threb-Mokths Test 

1, HoUlhiff Head and Shoftlders Up IF hen Lfing Face 
Down, Procedure same as in 11-2. 

Successful reaction: Head and shoulden^ are lifted 
up from underlying surface. Child supports ili^plf on 
its lower arms, 

2, Feehuff Objects, A piece of cardboard (20 cm, x \0 
cm.) is moved near the child in such a wny that in 
one of its rnovemcnis it toucJies the enrdbexard. 1! nu 
cardboard is available, any other solid object can hr 
brought near the child in the way cleiscribcci. 
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Successful reaction: Tlic child strokes his llflt hnnd 
over the ctirdboarcl several times, sometimes also ^vitli 
the clcochcd fist. The movement is slow and vs ob- 
served by tJie child. This renclion enn often he ob- 
served without the introduction of a spccinl gtimiilus, 
if tlie hand of the child lifappens to come into corunct 
with the sides of the bed or with the clothinj^ of the 
cxn 111 inert 

3. Seeking Source of Souuti with liyes. Procedure same 
as in 11-3, 

Sifccess/ul rcaciiou: While sound continues the eyes 
arc turned in all directions in a .scarclnriK manner, 

4. Fofloiving Mowig Objects tvilh the Eyes^ A radiant 
object (Test 11-4) is moved into the line of regard of 
the child- When the line of vision fixates on the 
stimulus, the latter is moved ver^- slowly lo the side 
and then pfwt the head of ihc child to the other side. 

Successful reaction: TUc eyes of the child follow 
the moving object. 

5- Reaction to Disafifierrranre of a Seen Object, Pro- 
ccclurc same aa in Ul-4- 

Suecessfti} rtaciion: 'Vhe child looks after the object 
which iu Imd been fol lowing, and wliicli is then sud- 
denly removed, for several seconds, or cist* shows some 
kind of ncf^ntive expressive movcincnis (cryirij;, w^rin- 
kling the brow, distort iniz ibe mouih). 

6. Changed Reaction to Repeated Stimuhitlon* '^Phe 
sound of a shrill whistle, ur the deep hass mutlerioK 
(II-3) arc ofTered ihr child for 30 seconds- After a 
pause of I, 2, and 15 iniriutcs, the siimiiliis is repeated- 
Tlic reaction time, i.c-, the duralion of ilic re.iciioii 
from the beginning of the stiniulaiion is always to he 
measured* 

Successful reaction: T'lic react inn in the first siiniu- 
latinn is nc^t.itivc (cp, the reaction 1 1-5). l‘he re- 
actions to tile succeed inic stiinnlations arc i^horter arid 
less negative. Netitval reactions vrptace the ne^»iuive 
ones in the later stiinulufi presrnlatinn*i. 

7- Flight Movements ivith the JFhnle liody after 7V/r- 
tuai Stintuiathn, Procctliirc same as in 11-6, 



48 


oEJiimc PsyciiOLOov monographs 


Succtttfvl rcacihn: Tumuig away the head and 
oilier parts ol the body. TlMr arin and ihe fielvis u»U' 
ally remain quiet. 

8. AniUiering a Glance with Smiling *r Babbtinp, Prti- 
cedurc same tut in 1L>7. 

Sttccexsful rtttCthm Sroilinn or babbling to the ex* 
aminer. 

9. Bxptnmeni wirfi Maxt, 'ITje examiner brin|!;i hi» 
fnee to wn'ihin oiie*hal( mcler from ilie child and looks 
at it quietly (or 30 seconds. TIten he lakics am animal 
mask, leliich should not be colored ino intensively — 
m used a brtromisli y*ellpw rabbit head auii.(ik~»fliid 
holds it before hit face, remaining in this imilitiin far 
a litile while. 

Sucemful reaeihn: Friglii and ntgRaiiw! reaction 
when the mask is used. 

10. Imitating Aliniicry {imitating faeiaj rx^rrrWonr). 
The examiner brings his face very cime la iluii of ihe 
child (20 Cm.), and when the child looka. ai him 
"points” his mouth (pouts) and then pulls hf^^ mouth 
wide open again, repeating this alternalion long ns 
the child continues to look at him. 

Sacettsful reaction; Any auctnpi of ihe cliild m 
imitate the movements, cither while the examiner is 
demonstrating them or after he has ccawd in his at- 
tempts, The child often succeeds in making, not ihe 
same, but similar niovemeiu«. This, also, i«, consid- 
ered positive (success), The dcmonstraiinn of the 
movements must often be continued for 3-10 minutcii, 
IV. Four-Months Trst 

1. Lying Supported only on Hand Surfaert. Procedure 
same ns in II-2. 

Successful reaction; Head and shoulder* and upper 
part of body arc raised so far from the untlerlying 
surface that the child liqa, supported only on the hand 
surfaces. 

2. Reaching (or a Tonehed Ohject- An ohjeci i«i held in 
such a way that the hand of the child comes into cun- 
tact with it, but without the eyes following it. 



A STUDY OF WHITE AND FTEGRO INFANTA 


+9 


Successful reacthn: The nctutvlly experienced gb- 
ject is grasped- 

3. Grasping with Both lla/ufs zoflhoul Ustn^ Finfferj^ 
A rattle is placed witiu'n reaching distance of ihe 
child, and its attention is drawn to the rattle. 

Successfii! reaction: The child readies lor the rattle 
with both hands, fists clenched or iingcrs outstretched ; 
docs not make use of tlie fact that in reaching one can 
close tlie hand* 

4. Handling and Moving About an Object. A rattle 
is placed in the baby's hands. The hand holds the 
object tightly even though there had been no active 
grasping. 

Successful reaction; The child holds the object se- 
curely and moves it about with its hands, 

5. Looking ai a Touched Object. Procedure same as in 

rii-3. 

Sticcessftil reaction: The child observes the object 
whidi it is handling, 

6. Active Looking About hi a Nctu Situation* Tlie ex- 
aminer carries tlie child into smother part of the room. 

Successful reaction; The child looks siround in all 
directions in a lively and interested fashion. 

7. Hapkin Experiment — Ikying Doton. A non-ti^^nshicrnt 
napkin made of fine-mesh inntcrial is placed over ihe 
face of the child. 

Successful reaction: The child kicks about 
rously and attempts to get rid of the napkin by rolling 
the body hack and forth. 

8. Adult Plnynwie Leaves the Child. The examiner 
busies himself ivitli the child, pln 3 \s witli it, talks to 
it, and manipulates n rattle or rubber doll before its 
eyes, Then, suddenly, he JtMvcs the child. 

Si/ccpjj/id reaction; Expressions of displeasure or 
dissatisfaction, or looking after the examiner- 

9. Removing Toys. A toy, ^vliicli tfie child has bieri 
liandling, is suddenly taken out of his hiifid. 'The 
duration of the reaction is measured ivith a 
watch . 
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Succenful reaefion: Exprwsiom ef dmpleajiiurc or 
looking ailcr die loy (25 i«<iMldls long), 

10, Imitaliitff Mimicry. (111-10.) 'n>c deroomtrAlctl 
movement w wrinkling of iHc lonthmi. The esam* 
iner draws his forcliead into hortei^iiAl oni! vcriicail 
wrinkles or folds. 'I'hc moventimis muni be repealed 
very often, 

Succettful reor/ioH; cp. lll-lO. 

V. Fivh-Mokths Tbst 

1. Holdinff Head md Shoulders U^hen Lying Duwn, 
A radiant object, the previously dacn'bed disc, or a 
mirror ( 15 cm. x 20 cm.) are brought near iHe bed, 
approaching front the foot-end of the bed, so that the 
reflection strikes the child in the eyes, and then the 
object is again moved toivards the foot-end of the bed. 
If the child happens to be busied with a toy at the 
time this test is made, this toy may be taken atvay and 
moved towards the foot-end of the bed. 

Suecotlttl reaetmi Head Mtd shoulders are lilted 
up from the underlying surface. 

2. Turnittff from Back Ponfion to ihe Side and Back 
Affaln. A bell is sounded to one tide of the child, so 
that tile latter can see the bell, or else it is brought 
within reaclung distance so that the child, by turning 
sliglitly to the side, can grasp it. l*lie desired reaction 
often occurs without special effort on the part of (he 
examiner, while the child is busied with this or that. 

Successful reaclion: Turning of the entire body to 
the side. The problem is considered solved when the 
child has turned its pelvis. 

3. Reaching with One Hand after a Seen Obfect. Pro- 
cedure same aa in IV-2. 

Successful reaclion: The cliild grasps the object 
with one hand and closes its fingers around it. The 
problem is also considered solved if the child rcncliM 
. with both hands and uses the fingers, 

4. Differenlialing belween Ihe Friendly and Angry ICx- 
presihn of a Person, The examiner bends over the 
child, nears his face to within 1/4 meter from that of 
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the dii'lcJ, find smiles und talks to the child for 30 sec- 
onds. Suddenly Jic changes his modulation, drR^vs his 
forehead into deep folds, and talks angrily to the 
child. 

Successful reacthnt During the friendly expression, 
smiling and positive expressive movements. During 
the angry expression, negative expressive movements. 

5. "Naphln Experhnent — Lyiuff an Back. Procedure 
same as in 1X^-6. 

Successful reaction: The child reaches for the nap- 
kin and frees itself of it, 

6. Removing Toys. Procedure same as in IV-8, 

Successful reaction: Expressions of displeasure, neg- 
ative expressive movements; duration of reaction^ 28 
seconds, 

7. Defense When Toys Are Taken Away. Procedure 
same as in V-6. 

Successful reaction: The child offers examiner re- 
sistance wlicn the latter attempts to take away on 
object which the child is holding in its hands, 

8. Looking for a Lost Toy. One observes the child 
when-j incidentally, he has lost his toy, or one takes it 
out of his hand, without, however, using force as in 
the previous test. 

Successful reaction: The child turns liis head in the 
direction in whicli the toy was removed and looks 
searcliingly arouruL 

9. Positive Reaction to Clangs. A bell is sounded clcisc 
to the child. The examiner is hidden from the child. 

Successful reaction: Smiling and positive expressive 
movements. 

10. Imitating Mimicry. Tlic examiner bends down over 
the child and demonstrates sticking out and pulling in 
of the tongue, 

Successful reaction: Same as in lU-lO. 

Six-MoNT.n.s 'rasT 

1, Sitting with Support. 7'lu' examiner places the child 
in a corner of the bed ami supports it by elipping a 
pillow behind its back. 
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Succttifttl naelwti: The chiliti rtmun* Miting u|>- 
Hgitt. 

2. Edge of Table Ten. THc csatninrr dai™ ai a 
(able and (aknt (he child cm hii) Isfi in .owh a ihal, 
by stretching; out its arm*, it can ica<b the lable, 

Sueunfut reacihn: The chile! fwiws the edge ol the 
(able mill (he hands and han^ cm 

3. Diipleatiire after yoin Rfnehiag. A* «*wfl as the child 
reaches for the ohjec(, the laiier is {lulled auray. 

Suceeaful reaetim: Crji'ing or other ne<^live ex- 
pressive movements. 

4 . Difjerettliatinff betU'een Frie/tJIg md Aageg Tslthg. 
The eicamincr is hidden from the child. Hr talb to 
the child for 30 seconds in a (ncndly tone. Then he 
(oIIq ang;rily to (he child for JO seconds. 

Suecetsful reattiati: Porilivc exptminns during the 
friendly lalkinK; negative exprescive moveiornis dur- 
ing the scolding. 

5. Hionipuhliag a Sitll Objetl with a Jf/t/tinp One. A 
rattle or rod is placed in the hands nt the child, srhn 
la then brougltt close to another ohirct, i,e,. ilte child 
is laid near the tvall or near (he railing ol its hed — or 
else M abject is held near life chi/d—HWi fhn it cm 
beat on tlic tvall, the railing, or ihc object ivith its 
rattle. 

5uec«r/(if reaction: The child Iwals (Iw »till object 
tvith the one which it holds in its hands. 

6. Laughing <tJ a General Reaelian, Usually laughing 
occurs spontaneously during the test; tin* (){» of 
laugliing is not to be considered a tocial react ion. The 
child laughs at iu otvn movements when loucliril 
(ticldcd, petted) or at a prcfcnicd abject. 'Phe ex- 
aminer can attempt to provoke this rcaeiitin in ca« it 
does not occur spontaneously. 

Successful reaction: Smiling or laughing in respnrnr 
to any stimulus other than the face and voice of a 
person. 

7. Napkin Experiment-Lying Face Down. The child 
is placed face down on a liorkonml HUrface (11-2). 
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A napkin is placed over its Jicadj and the edges which 
hang down over his forehead nre pulled backwards 
over the shoulders, so that the napkin covers the 
child's face. 

Successful reaction: The ciiild frees itself from the 
napkin by taking hold of it with its handsi 

8, Removing/ Toys. Procedure same ns in V-5. 

Successful reaction. Same as in V-5- Purarion of 
reaction, 40 seconds. 

9. Actively Seekitig Contact, The examiner stands next 
to the bed and pays no attention to the child and 
avoids looking at the face of tlie child. 

Successful reaction: Efforts of the child to effect a 
contact; babbling, seeking the eye of the examiner, 

10. Imitating Sounds. The examiner bends down over 
the child and repeats several times a long drawn*out, 
loud, gutteral "re." 

Successful reaction: Every effort of the child to 
make a sound which even slightly approximates that 
produced by tlic examiner. The reaction can occur 
during or after the test. 

Vli. SnvBN-MoNTKS Test 

1. Pushing away Soarcc of Stimulation. Procedure 
same as in II-6 and 111-6. 

Successful reaction: The child reaches for the hand 
of the examiner and removes it from its face, 

2. Locoynotion. The reaction here desired cannot he a 
provoked reaction at all, tlic latter will occur during 
the half hour that the examiner spends with the child. 

Successful reaction: The child turns from its back 
to the side, from the side to the stomach, then to the 
other side, and then to its back again; or it may move 
in any fashion, sideways, from where it has been hc^ 
fore, 

3. Striving after a Desired Object by Locomotion, A 
rattle, or if this docs not stifficicntly engage tlic in- 
terest of the chihl, a riiliher or slulTc*! animal is 
brought near the child and loft in such n position that 
it can see the object but cannot rcacli it. One 
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cwi plncc ihe object on the pi'llow nm the child or 
can leave it in the line of rcga.ri); the child esan read) 
the object only by lifling head and abouldm or by 
some other change in pomiion. 

Suceftsjul rtatlhni Besides reaching, the child 
meltes some other movement toward* the object. 

4. Manipulatins Tuto Obitct$. The child that is ocai- 
pied with s rattle, whi(^ it la holding in its hands, i« 
alTcred a second rattle, 

Suteettful reaction: The child hold* both objecia 
simultaneously and nioviet them. 

5. Imitating Knocking. The tnouniner bmeka with 
rattle against nuling of the bed near the child. 

Succets/ul reaction: Every rooveraent of the child 
which is similar to that deraotvsiratcd with the rattle 
by the adult. 

6. Rtinovinff Toyt. Procedure same ns in IV*8. 

S«cctj}/ii{ reaction: The dvBd foUo\’«. the v«y vfith 
his eyes ond turns his head, searchingly, (or nt least 
52 seconds. 

1. Rafter T«t. A piece of white writing paper (15 cm. 
X 20 cm.) is placed in the child's hands. 

^uccettful reaction: The paper it crumpled, com- 
pressed, torn; its form is in tome ivay changed. 

8. Hapkin Tetl^^itling with Support, Tlie child, who 
is in the position described in Vl-I, has a napkin 
placed over its head. 

Succersful reaction: The child remove# the napkin 
w'ith its lionds without falling over. 

9. Differentiating between Friendly and dngry Facial 
Expression. The adult bends down over the cliild 
and smiles at it for a dtnci then he changes liis exprea- 
slon, his forehead becomes creased, and he look# nt the 
child angrily. 

Successful reaction: Positive reaction to the friendly 
countenance; nc{pitive reaction to the angry expres- 
slot). The problem Is considered solved only if tnore 
expressive movements occur than merely those clcmon- 
fttiaUd by the adult. 
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lOi Tnkht^ Toys away from the /4duU» The adult 
quietly Imad, w'hich holds ti rattici witliio 

reaching distance of tl»e child, on tlic bed, 

Successful rcacfhtt: Hie child diHpIays some effort 
and strength in trying lo cake the toy awny Trona the 
adult. 

VIIL Eight-Months Test 

1, SiiiiHi} luithoui Supfior<. The child is sealed without 
any support in the middle of the bed. 

Successful reacihtt: The child remains silting up- 
right- 

2, Memory Reacthti. Procedure same as in IV-8. 

Successful reaction: Gazmg aflcr (ihc perKin) (at 
least 60 seconds). 

3, Crawling. This reaction also usually occurs during 
the course of the test, without the introduction of a 
special stimulus, 

Successful r^rff//ow; The child crawds fom^ard or 
backward. If it only rolls Bidewise, the problem is 
not considered soli'ccl. 

4*. Pwr/)ojiue Sefeciion of a Toy. The c^tmnJncT ho^ds 
two different loya, a rniflc and n rubber animali one 
in each hand, within reacJiing disiance of the child, 
and waits until the child has seiVed one of (hem. 
Then the seized toy is taken away from the child; the 
examiner again holds ihe two towards the child 
in the same way ns before, except that t)ie object 
whicli was formerly in the right hand is now in the 
left, and vice vci'sa. 

Successful reaction: When offered the two Kiys a 
second time, the, child takes^ the same one as he took 
the first time. 

5. Mirror lix/^erimrat, A hand mirror (IS cm. x 2(1 
cm.) is held before the dn'Id ;vt n distance of l/H 
meter. 

Surrcss/ul iraction: 'flir cliild smiles (laughs) at 
his reflection or else observes it wirJi inieresi. 

6. Reaction to n Strange Knvironmefif. 'Phe child is 
brouglii into an unfamiliar morn, or else his usual 
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environment is chan]^ l*y Hanging l[<lraf^ng) a dark 
clftlh over hta bd, leaving tmlv a jsmall ftlir wpcn 
through which the child can be obxerwl, 

Succeufui nmv/ivn.' Negative espnrWvc maS'emertls; 
ttt leitst » weak ncgjwivc Mirpriso. 

7. Imiiadttff ihe ttf n DviL Bejnjv llw vjks 

of the child the examiner several lintes a 

squeaking doll nr rubber, (trewng Hard enough to 
cause the doll to make its dtaracieiri«ifc *!mnd. Then 
lie hand* the doll over to the child, 

Succeuful rtaemm Every attempt of the child to 
imitate the movements dcmoniitratd by the adult. 

8. Pfejernnf Paper /« Other Tttft. A piece of paper 
(V 111-4) is Handed to the child while it is cnRs^ 
with some other toy. After tlw child has buried itself 
trilh the paper, the latter is again replaced by the 
original toy, and then die paper w oUeicd a second 
time. 

Suecttt/ul rearthn: The child at onoe abando/rs the 
toy and attends exclusively to the paper. 

9. Reinovitiff Toyt, Procedure same tm in tV-8. 

Successful reaclhn: Looking for the toy. (Dura- 
tlon of reaction 68 seconds.) The test is considered 
solved only if there is a definite negative affeciivr re- 
action. such as is characteristic of the eight-monl In- 
old child. 

10. Siritiing for an Ob/ect outside of fht fled, A ttiy h 
held outside of the bed but in the plane of the upper 
surface of the bed; if a chair whose seat is even uiih 
the plane of the bed is available, the toy can be placed 
on this chair. 

Successful reactittn; Tlte child reaches ihrough the 
railing of the bed and lakes the toy. 

Ninb-Months TbsT 

1. Kneeling with Support. The examiner gets ihe child 
into a kticcUng position, supporting it in the small of 
the back and at the lower margin of the ihorax (lower 
ribs) . 

Successful react ion i The child remain* in this posi- 
tion, 
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2, Understanding Gestures, The examiner steps before 
the child, and, when the latter looks at him, raisea his 
hand in a threatening position; he repeats this threat- 
ening gesture for 30 scconcIs< After a little pause, )ie 
stretches his hands dcmandingly towards the child, 
and through various movements entices the child to 
come toward him. In all this the face remains un- 
changed and os expressionless as possible. 

Successful reaction i Negative reaction, negative ex- 
pressive movements, and bending away in response to 
the threatening gesture. Positive renction, positive 
expressive movements, smiling, bending towards the 
examiner, in response to the alluring, seductive gesture. 

3. Pocket Experiment, Before the eyes of the child a 
toy is put into the overcoat pocket of the examiner; 
the pocket is then brought near the bed so that with a 
little movement the child can reach into it. 

Successful reaction t The child takes the toy out of 
the pocket. 

4^ DczCniciitie A tower is built up helote the 

sitting cliild, by placing hollow blocks on io\} of each 
other. We used, for this purpose, six luiUow blocks 
with one of the six sides absent, so that the blocks 
could be fitted into one another- The six cubes 
measure 4, 6, 8, 10, 12, and 14 cm. along a side, 
respectively. 

Successful reactiou: The child tries to destroy live 
tower. 

5. Imiiniing the Opening and Closing of a Pictrire-Uouk. 
Before tlie eyes of the cliilcl, tlic examiner several 
times opens and closes a picture-book, and then places 
tile book (20 cm. x 12 cm.) into the hands of the 
child. 

Successful reaction: Any attempt of the child to 
imitate the dcmonstraied inovemcrus with the iu'clu re- 
hook. 

0. Afeuiors^ Experinicut . Procedure same as in VI 11-2, 

Successful reaction: Duration nf reaction, 70 sec- 
onds. 
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7p ^nrfiffiif^ &f Thi:^ wmincrr 

i^AnJ^ rt<!?tt i« the child, uirrm hm bade i<i ihc child, 
ttrtd k Bppajncrttly ijiicr«?sitd m i^fmcihing d«*^. 

SucceiilftI Alimpia (»\ ih^ chdd w 

ihft inicrc^t of ihc «idult hr pwlhoft «r hk ddJhi'ng^ 
blinding hm mafeirtg wwtd^ dmacd iw^urd* 

the cJtfuminer. 

8i Gtaspiffff Tu:$ Otjrffi iciih SiUmj^ 

f^orh Fim of't? and \hm a lov and 

rubber dull) are handctl i<i ihe child who i» skiing 
withaul ifupport 

Suaetsfui rtMkn: The child oc^choi for ihe ^ 
ond object witbowt tlnii>p>ng the fim one, and ^rilhowl 
lojjing hfe rnting po^tunc. 

9, Peck*n-bft^ 6Voir* Tltc exaromer aund'^ ai a dw* 
uince of 1/2 mcler bebte the child mid covers his 
face iviih n napkin f afrer 10 i^scond^ he irnwiVH (he 
napkin and 10 faenneh later puiA it over hw hicc 
again i when he has the napkin «vcr hk face be %iky%t 
*' Where‘s the babyT* and when he mmirvisv h, i^ayA, 
^‘Thcre he ini” 

SneMfful reitcfkit! The cWld imk^ in ihc direc- 
tion of the examiner'^ face, U inieraicd, and green 
hU appearance with laughter* 

10 * dditt^Mion {Habifudimti) (n (he Uafamilidr t'iduU^ 
Successftfl reoahn: The child, wl^q at regarded 
the adult with some fear, perhaits even cr)^ing* changes 
Its attitude during the cour^ of the mit smiling at 
the adult Or at least not being stimulated m dis- 
pleasure by hinn, 

X. Tbk^Months Taar 

t* Inutadnff the Soiinrfi/i^ o/ a BtU. The examiner 
dcmonstnucs before the child the sounding of a bell 
by swinging ir back and forth and then turms the l>ell 
. oyer to the child. 

Successful rertc/jo«.‘ Any atiernpt of ihc child to 
Imitate the demoiistratcd movcmcius. 

2- Nciffkhf Test — SiHiHff ivitb^tit Su/^f^^rt, The child 
is sitting without support; n hnptin ia placed over iia 
, head in the $nmc w’ay as in Vl-7. 
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Sr/ccessfftl reaction: Tlic child frees itscH from the 
nftpkin without fnlling over- 

3. XJ}iCQVcriiiQ Hhiiten Object* Before the eyes of tijc 
child a toy is covered over \vitli a cloth. 

Successful reaction i The child uncovers the object 
kiaci grasps it, 

4. Giass-Plate Test* A plate of glass, 1/2 meter long 
and 30 cm, wide, Is placed before the child. In back 
of the glass a toy rs laid; the attention of the cliild is 
attracted to the toy. 

Successful reaction: The child reaches to one side of 
the glass and tjikcs the toy. 

5. Turning in Surprise to the Ad till. The examiner 
blows a shrill ^Ylustlc unexpectedly or lights an elec- 
tric pocket lamp (flash light) near the child. 

Successful reaction: The child looks at the adult 

quCvStioningly, 

6. Stunflbiff tuith The cliilcl is placed on its 

feet ill such a way that it can IicjUI on to the railing of 
its bed, to the top edge of its little stall or to a cliair, 
with Its hands. 

Successful reaction t The child can remain standing 
with support. 

7. Memory Experrmeni* A box containing a ball is 
handed to the child and is left with the child for five 
minutes. Then the box is taken nway, and after 30 
seconds is given hack, minus the contained ball. 

Successful reaction: The child looks for the toy and 
then looks at tlie adult in surprise. 

8. Organized Game xoUh at\ Adult. Tlic cxiiiuincr hands 
the child a toy, takes it hack, gives it again, takes it 
back, etc, Every time he takes the ball from the 
child he says “Thank you.” 

Successful rracfioit: Tile child gives back t)ie object 
voluntarily and hikes it again, in otlicr words, it enters 
into the game. 

9. Throtuing Objects. I'lic reaction cannot lie aitaineil 
experimentally, but usually occurs spontaneously dur- 
ing tlie tests. 
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Succeufu! rcatiiftH: The chllrf noi mcrelf let 
an abject (all, but lifts it and (Hen hurls or 

tmea it aveajr. 

10, Opening ffeije. A curdHawd bos (IS cm. * 10 cm, % 

6 cm.) with a very lonely fitting onvcr (ISjr'S * lOjo 
X 2) rs given lo the child, covet rm. 

Sutcfstfui rttKlinn: ’I'bc child o^rtta (Iw bnX. 

XI. Eleven-Months Test 

1. Ruhff io a SUl'iHg Ptulnrr. An ohjtct is handed 
towards the child in «uclt a uisf that it cartnoc readi 
(t from its lying posture. 

Suecenjnl reaction: The child lines up in a aiilirig 
pasture. 

2. Retrieving Oiiedt Ay AleaHt of an AttaekeA String, 
A string is tied to a rattle or bell and the toy is then 
placed beyortd tlie reach of the child, 'Die other end 
of the string is placed near the child, or, if neceaMiry, 
in the hands af the child. 

Sutcetsfttl reaction: The thlld pulls the objecl to 
itself by the string. 

3. Memory Enperiintnt, (X-7) 'ITw empty b«* w given 
back to the child after a wait of one minute. 

Sucemful remioni The dtild noriers tliat the hall 
is missing. 

+. Fitting Bhckt into Each Other, The six hollow 
Modes (IX-4) arc taken apart and arc placed before 
the child. 

Suecesiful reaction: The child fits the b)rtdt« into 
each other, pindng the smaller ones into the larger 
ones. 

5. Purpotive Placing One Black Aside, 

iSi(Ccess/ii{ reocrioa: In the counw of his activity 
with the blwks, the child sets one block down very 
cnrcfully, with nil sign.s of attention nml purpoM: of 
starting a new activity. 

6, Imilattag Knocking iviih a Spoon, Hefore I hr ryes 
of the dtild tlic examiner hits two sprains against e.icli 
other, and then hands the spoons to the child. 
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Successful reaction; Attempts of the cliilJ to iniitotc 
the demonstrated movements. 

7. Intitating Sonnets, The examiner spealcs syllables to 
the child, slowly and plainly, c.g., "mamfl," "papa/’ 
"dadA,’’ "IftU,” etc. 

Successful reaction; Attempts of the child to pro- 
duce similar sounds. 

8. Fear of the Unfamiliar. For this test any stimulus 
which is new to the child can be used ; a new toy, an 
indatablc rubber animal, a strange person, or new 
situation. 

Successful reaction; Occurrence of negative reac- 
tions, 

9. Organized Game with Aelult, The child is sitting up 
or lying on its back, A napkin is placed over its face, 
while the examiner says, “Where is tlic baby?" and 
when the napkin is removed the examiner says, "There 
he is I" 

Sutetssfnl reaction: After several rcpctilioits, the 
child voluntarily removes the napkin and puts it back 
over its face. 

10. Opening Box. (X-10) The cover used in this test 
fits snugly over the box. 

Successful reaction: The child opens the box. 

Method of Administering and Scoring Tests 

Since it seems apparent that the maturation or acqui- 
sition of a particular type of reaction may normally 
appear within a range of five months, each subject is 
presented with all the tests for the two months pre- 
ceding the chronological age, the ten test items listed 
at the subject’s age level, and all of the tests for the 
two succeeding months. With the exception of chil- 
dren aged 2, 3, 10, and 1 1 months, each infant wtuvld 
be presented with 50 different test situations, A child 
aged 2 or 11 months would be presented with 30 dif- 
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fcrcnt test situations, and a child aged t>r 10 months 
would he presented wiili 40 different left Mtuatinns. 
For example, an infant 6 months of age chronologically 
would be given all the tests listed at the fourth, fifth, 
sixth, seventh, and eight months m the aale. A three- 
monthS'old infant would be presented vviili all the 
test situations listed at the second-, third-, fourth-, and 
fifth>month levels. 

In scoring, complete credit is given for all IcsH below 
two months less than the chrf4nological age. That is, 
the six-months-old infant would be given complete 
credit for tests listed at the second- and third -month 
levels on the scale. An infant is rated in terms rtf suc- 
cess or failure — plus or minus—on all of the iiems 
within the range of two months Iwlow and iwtt monihs 
above the chronological age. No partial crcriit is al- 
lowed. Credit is given only for those situations which 
are actually achieved during the test siiuaiion, except 
in a few instances where the report of the mother or 
nurse is accepted. 

A value of three days toward a dcvclopmcfiial age 
is assigned to each test successfully passed. 'I'his is 
justified, since there arc, for all practical purposes, 
days to a month, and ihc scale contains HI ilifTcrcrii 
test situations at each month level. Anti, since a par- 
ticular trait may normally appear any lime within the 
range of five months, equal credit for successful tcsis, 
irrespective of allocation, seems reasonable. 'I’hr 
number of tests successfully passed, when totallcii. mul- 
tiplied by three, and added to the full crctlii allowed 
for the months preceding the level at which the icsiing 
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began, will yield a developmental age. An index of the 
infant’s development may be obtained by getting the 
ratio between the infant's chronological age and his de- 
velopmental age. In other words, DA divided by CA 
yields DQ. For example, a six-months-old infant who 
was given all the tests at the four-, five-, six-, seven-, 
and eight-months levels passed the following: 

8 teats at the four-months level 
8 tests at the five-months level 
7 tests at the sixth-months level 
7 tests at the seven-months level 
4 tests at the eight-months level 

This performance yields a total of 34 tests successfully 
passed, or 102 days toward his DA. This score of 102, 
added to the 90 days full credit allowed for the first, 
second, and third months, makes a total DA of 192. 
The DA thus obtained divided by his CA of 180 days 
yields a DQ of 107. 

The above method of scoring was devised by the 
author because the method on which the scale was 
standardized and which appeared in the original pub- 
lication of the test seemed statistically unwicldly for a 
comparative study of this sort. In the English trans- 
lation of the scale, however, the authors have adopted 
a scheme of scoring which is not very different from 
that employed by the writer. They give no norms for 
their scale based on this new mclhoci of scoring, and 
a comparisnn between their findings and those of the 
writer is hardly feasible or justifiable. 

Several of the lest items were modified as to ma- 
terials or procedure in this study, but, since no com- 



64 


OBUBTIC PSYCHOWKJy MONOGRAPlia 


parison is made with the Vienna norms, the matter 
Is irrelevant because such changes were held constant 
for both groups of infants here studied. However, for 
the sake of clarity in case this scale should be used for 
future comparative studies these changes in procedure 
or materials should be explained. 

Test IV'I. Lying Supported on Hand Surfaces. 
According to standardization the infant should be 
placed upon his hands, and if he sustains the position 
for a given length of lime the teat is passed. Due to a 
misinterpretation of translation our procedure gave a 
plus score to the child only if he raised himself up, as 
well as sustained the position for a few moments. 

Test XI4. Fitting Blocks into Each Other. The 
translation seems to indicate the placing of six blocks 
together by the child for a successful reaction to this 
test. In no instance did we find an elcvcn-monihs-nld 
baby capable of doing this. Our procedure gave the 
child a plus rating if he placed ona block inside an- 
other. 

Test XI-5. Purposive Placing of One Block Aside. 
Again due to faulty translation, the writer interpreted 
this test situation to involve the placing of one or more 
blocks on top of each other, whereas in fact it seems 
an early test of initiative. 

Tests IX-4, XI-4, XI-5. The blocks used in these 
tests In the present experiment were made of tin cov- 
ered with enamel, so that they might be subjected to 
sterilization processes without warping. They proved 
to be larger and heavier than the blocks on whicli the 
test was standardized. 
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Test 111-9. The mask used in this experiment was 
a large “head mask” of a pig, whereas the mask used 
in standardization was a face mask. 

Other materials seem to conform very well to those 
on which the tests were standardized. 

There are, in the opinion of the writer, some out- 
standing frailties in the scale as a means of measuring 
the development of infants. In some instances the di- 
rections are very vague and indefinite. It is possible 
that a certain degree of clarity and explicitness was lost 
in translation. For example, at the two-months level 
it was very difficult to know just what the authors of 
the scale mean by “experimental movements.” 

Then some of the situations unfortunately stimulate 
a negative reaction, as in the Removing Toys Test, 
which is scored in terms of the time spent in crying for 
a toy of which the baby has been deprived. Such a test 
not only stimulates a negative response, but penalizes 
the baby of resourcefulness. It is quite conceivable that 
the baby who adjusts to the deprivation of a mere toy 
and finds contentment in something else, even if it is 
nothing more than the railing of the bed, or his own 
fingers, may be a decidedly superior baby. The test 
offers another difficulty in the subjectivity of scoring. 
It is not always easy to determine when the baby has 
ceased crying foe the toy and cries for the sheer joy 
of crying or for some other purpose. 

Any test of young infants scored on the basis of time 
is to that extent unsatisfactory. It was found diflicult 
with the babies in this investigation to sustain interest 
in the play activity with a ball and a box for five 
minutes. 
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In several of the test siluatkms the characteristic 
reaction, as reporicti by the authors of the scale, was 
ditRcult to stimulate. The Mask lixperiment usually 
brought forth a widertiiig of the eyes, a curious expres- 
sion, but not “fear." The older babies would usually 
reach out to touch ii. Holding Head and Shoulders 
Up When Lying on Back was attained from only 1 + 
of the 71 babies to \vhon\ the stimulus was presented. 
Most of the imitative tests were difficult to stimulate 
and most of them c.vtrcmely subjective in scoring. 

Some of the tests were too easy to be discriminative, 
as Kneeling witit Support, which was achieved by 65 
of rlie 73 babies to whom it was presented. Many of 
these tests arc c.\trcmely subfcciive in rating. This is 
an dement which cannot be entirely climinaied in the 
measurement of infants, especially if the traits to be 
measured are to involve anything more than very twert 
motor muscular reactions and coonUnatiuns. The sub- 
jectivity of scoring might be considerably curtailed in 
this particular scale by a refining of the testing tech- 
nique, Practically all of the imitative tests arc notice- 
ably subjective and the imitation or mimicry at the 
third and fourth months arc, in the opinion of the 
writer, so subjective as to be relatively wf)rthlcss. 

There is, also, in some test situations a possibility 
of chance success, as in the removing of the diaper by 
the four-months-old baby when it is thrown over his 
face. The element of chance may be reduced by ex- 
tending the edge of the diaper well over the hahy’s 
head, (It is doubtful if the element of chance success 
of these tests if rightly managed is any greater, if as 
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great, as it is in many of the standardized tests of older 
children, for example, the Ferguson Form Boards.) 

Some of the test items on this scale appear to be 
quite diagnostic and of a trait not prominent in other 
standardized tests of young infants. They seem to in- 
volve a "grasping" of the total situation. Since the 
writer is taking up a more critical evaluation of the 
scale elsewhere, these items will simply be mentioned 
here. They are tests such as The Glass-Plate Test, 
Organized Game with an Adult, Uncovering a Hidden 
Object, Pocket Experiment, Peek-a-boo, and Retriev- 
ing an Object by an Attached String. Carefully Plac- 
ing a Block Aside seems to be a test of the early ap- 
pearance of initiative. 

Since the completion of the experiment by the writer 
wherein the above translation of the scale of baby tests 
was used as the instrument of measurement, an linglish 
translation has appeared in the book by Dr. Charlotte 
Biihler called the First Year of Fife, This translation 
was made by Rowena Ripin and has the approval of 
Dr. Buhler and the authors of the scale. Critical anal- 
ysis reveals that the translation used by the writer is in 
every essential the same as that sanctioned by the au- 
thor of this scale except for the introduction of several 
new test situations and the elimination of other test 
situations. In the main, these changes are the substi- 
tution of a new test situation for Removing Toys, which 
appears in the original scale from the fourth-month 
series to the eighth-month series, and the substitution 
of new test situations for the Memory IC.vporimcnt, 
which appears in both the eighth- and ninth-month 
series. To be specific, these changes arc as follows; 
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Three-Months Test; Reaction to Disappearance of 
Human Face is substituted for Reaction to Disappear* 
ance of Seen Object. 

Four-Months Test: Positive Reaction to Light is 
substituted for Removing Toys. 

Five-Months Test: The lest items arc the same, but 
the directions for the Removing Toys involve no time 
limit. 

Six-Months Test: Expectation in Response to Repe- 
tition of a Stimulus is substituted for Removing Toys. 

Seven-Months Test; Loss of Interest in a Repeated 
Stimulus is substituted for Removing Toys. 

Eight-Months Test: Neutral Reaction, to Single 
Stimulus is substituted for Memory Experiment. Per- 
sisting Reaction to Withdrawal of a Toy ia a modi- 
fication of the Removing Toys Test in that no time 
limit is involved in the latter. 

Nine-Months Test: Curiosity for That Which is 
Hidden is substituted for Memory Experiment. 

Although the test items in this scale were used by 
the writer as experimental situations, and the reliabil- 
ity of the scale as a whole is therefore not an issue of 
paramount importance, a second examination was 
made upon 16 white babies and 18 colored babies after 
a lapse of one month from the time of the original ex- 
amination. The difference in the DQ ailained at the 
first and at the second examination on these 34 babies 
varied from 0 to 20. The average difference .and the 
modal difference were in both instances 9. There were, 
oh the whole, 30 test situations presented to each of 
these 34 infants on two different occasions. A com- 
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parison of their successful responses to the same situ- 
ation reveals that very seldom did an infant fail a test 
at the second examination which he had passed at the 
time of the first examination. This fact seems to indi- 
cate that the testing of the infants was not restricted to 
capricious or mere chance reactions. 

Physical Measurements 

In addition to the developmental index obtained by 
means of the above scale, the following gross physical 
measurements were taken of each baby {a) body 
length; {b) body weight; and (c) stem length. For 
all measurements the baby was freed of all clothing. 
Body and stem length were taken by laying the infant 
on his back upon a hard table surface covered only 
with rubber and muslin sheeting. Two right-angle 
boards were constructed so that they would rest on tlv 
table, but would be easily movable. One was placed at 
the infant's head and the other at his heels or rump 
while the legs and body were extended and lying flat 
on the table surface. The distance was then measured 
from the head-board to the foot-board by a steel tape. 
A standard baby scale was used for taking weight. To 
reduce the error of measurement each measurement 
was made three times, and the mid-point between the 
two closest measurements was the accepted one. 

Summary 

This chapter gives a detailed description of the par- 
ticular test items in the Hetzer and Wolf scale of 
‘'Baby Tests,” directions for administration and scor- 
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ing as adapted in the present investigation, a qualitative 
evaluation of some of the test items, and a description 
of tlic method used in taking gross anthropometric 
measures on the babies in this experiment. 



IV 

QUANTITATIVE RESULTS 

The comparative developmental achievement of 
white and Negro infants as measured by the Vienna 
scale of “Baby Tests,” expressed in terms of develop- 
mental quotient, is revealed by the following data. 
First, as the accompanying graphs well illustrate the 
DQ’s of both groups follow a normal distribution 
curve, with approximately the same variability. De- 
velopmental quotients of the colored group ranged 
from 53 to 123, and those of the whites from 68 to 142- 
Moreover, there is, notwithstanding the modicum of 
cases at a given age, a variability of DQ’s at each 
month level, which is suggestive of the discriminative 
value of the scale at any particular age. The lowest 
and highest DQ’s of the Negro group fell to the three- 
months-old babies. A seven-months-old baby achieved 
the highest DQ among the white group, and a live- 
months-old baby rated the lowest. The lowest range 
of DQ’s for any particular group was the four-months- 
old Negro babies, but this would seem to be a matter 
of chance and not ipso facto indicative of an inad- 
equacy of the tests at that level since the DQ’s of the 
four-nionths-old white babies ranged from 75 to 140. 
The average DQ’s at each age level for both groups arc 
shown in Table 2. 

It will be noticed that, with the e.xccption of the 
threc-months-old Negro babies, there is a tendency h)r 
the higher DQ’s to fall at the first three months of the 
scale, that is, before the infants arc five monlhs old. 

[ 71 ] 
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This may be an artifact inherent in the scoring of the 
test, or it may be that truly discriminative traits do not 
culnainate in the life of a child until about the fourth 
month. Whatever the explanation of this tendency for 
" higher jDQ's to appear at the lower end of the scale, 
it will be noticed, however, that in terms of DQ‘s the 
difference in the achievement of white and colored 
infants is as great or greater here than it is at the upper 
age levels. The lower average DQ’s for the ten- and 
eleven-monthS'Old infants is indubitably an artifact. 
Since the scale terminated with the eleven-mtmth tests 
the maximum rating of ten- and clcvcn-tnonths-old in- 
fants was, of course, not obtained. 
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It will be observed that the subjects are fairly well 
distributed as to sex in both the white and Negro 
groups. The average DQ for the white girls was 105. 
The average DQ for the white boys was 103. The 
average DQ for the Negro girls was 92, and the aver- 
age DQ for the Negro boys was 91. The frequency 
distribution, when divided as to the sexes, yields figures 
too small for statistical treatment, but these average 
DQ’s seem to suggest that sex is a negligible factor in 
this investigation. 

The mean DQ of the total number of white infants 
(68) was 105, S.D. 17, and that of the total group of 
Negroes (60) was 92, S.D. 16. The differences in these 
means is slightly more than four times the standard 
error of the difference — to be exact 4.04. This is a 
statistically reliable difference, evidencing a true dif- 
ference between these two groups of infants, or a dif- 
ference greater than would be realized by chance alone. 
This difference is in favor of the whites. Although 
the means suggests an evident superiority of the white 
babies, there is considerable overlapping in the distri- 
bution of DQ’s of the two groups. For example, the 
miean score of the white group (105) is equalled or 
exceeded by 28% of the Negroes, whereas the mean 
DQ (92) of the Negro group is equalled or exceeded 
by 71% of the whites. The relative amount of over- 
lapping can be visualized from the graphs in Figure I. 

A more accurate comparison of the performance of 
the two groups as measured in a test situation can be 
realized in terms of the percentage of successful re- 
actions elicited from each group of infants. It will be 
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recalled from the preceding chaplcr thal there is a 
total of one hundred different test situations in the 
scale, Each infant aged two and eleven mcmihs was 
rated upon 30 of these test items; infants aged three 
and ten months W'cre rated upon 40 different test items; 
and alt other infants were rated upon SO lest situations. 
The comparison is expressed in terms of the percent- 
age of successes achieved by the two groups at each age 
level as shown in Table 3. 

The same differences arc well illustrated graphically 
in Figure 2. 



FiaURK I 

DiSTRinUTION OF DaVBLOPMaKTAI. QoOTIHXTS KtIR Wimr a!<I 1 
Nbuho Infan'ts 

Whiic-~5olitl line 
Negro — (louetl line 



A STUDY OF WHITB AND NBGRO INFANTS 


75 


TABLE 3 

Percentage of Successes from Total Numebr op Test 
Situations Presented 


Age (monil^s) 

White 

Colored 

2 

51 

39 

3 

59 

47 

4 

58 

60 

5 

60 

45 

6 

57 

55 

1 

62 

53 

B 

65 

4S 

9 

56 

42 

10 

56 

44 

U 

70 

44 



A^e iH moinUs 

ru jijRi': 2 

PEUCIiNTAOE OF SUCCESSFUL REACTIONS AcIHEVUO HY WiUTI! 
AND Negro Infants at the Diffi-rent Age Levels 
Wliitc — solid line 
Negro — dotted line 
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These percentage diflferences expressed in terms of 
the sigma of the difference 



I 


ace given in Table 4. 
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, With the exception of the four-months-old babies, 
there is, in every instnnee, a difference in favor of the 
superiority of the whites when considering the percent- 
age of successful reactions to the various test situations 


^Thc sigma of the percentage and the sigma of the percentage 
difference were computed by the following formulae: 


, = [JLU. 

f yj n 


where /> s=! the percentage of succesa, q =s the pcrceniage of failure, 
and n ss the number of cases, 

«r s= ftr ^ + tr * 

f» ff !♦ tr 

where w represents the white and c ihc colored. 
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presented to the infants. This slight difference in 
favor of the Negro babies at the fourth-month level is 
statistically insignificant and appears to be due to 
chance. There were only four babies among the Negro 
group at this age, and, as mentioned, this group shows 
the least variation in terms of DQ of all the other age 
groups, white or colored. Moreover, the average DQ 
of this particular group of colored babies is the highest 
group average achieved by the Negro infants, 

It is evident from the above table that the differ- 
ences at five, eight, nine, ten, and eleven months are 
statistically significant, indicating a reliable superior- 
ity of these white infants to the particular group of 
colored infants studied at the same age level. It is 
noticeable that there is a tendency for the differences 
in successes and failures to become increasingly signifi- 
cant at the upper end of the scale. This is interest- 
ing in view of the fact that at the upper end of the 
scale the tests become more purposive, selective, and 
discriminative. They involve more situations requir- 
ing the sustaining of attention, purpose, and effort 
toward the achieving of a definite goal, and an under- 
standing of a means whereby the objective may be ob- 
tained. 

An analysis was also made in terms of the percent- 
age of children failing or passing each particular test 
item, in order to determine if there were any consist- 
encies in the type of tests passed or failed by cither 
group, The following test items were passed by a 
larger percentage of the Negro babies than of the 
white babies, but in no instance was the percentage 
difference statistically significant: 
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1 1- 1 HoIrfi'iiK Head Erect 

11-7 Social Reaciions 

Il-lO Expcriitttnlal Movement* 

I1I-9 Experiment w-iili Mask 

III- 10 ImitaiittK Mimicry 

JV-l LyinR Supjtortcil only on Hand Surface* 

IV- 2 ReacliinR for a Toudieil Ohjtxi 

lV-3 Grasping tviilt Hoih IlamK without Umok EitiRers 
IV'4 Handlinit and \fovinu AIkmh art Ohjeci 
IV-5 Lookintt at a Toucltcd Object 
IV-8 Adult Playmate Leave# the Child 

V- 4 DifferenliatinK between Friendly wid AflCiy Expression 

of B Person 

V'9 Positive Reaction to Clangs 

V- 10 Imitating Mimicry 

VI- 5 MfinipulalinR a Still Object with a Moving One 

VI- 9 Actively Seeking Contact 

VI- 10 Imitating Sounds 

VII- 8 Napkin Test — Sitting with Suppttri 

VI II- 1 Sitting without Support 

XI-S Fear o( the Unfamiliar 

Although these dilTcrenccs arc statistically unre- 
liable, and could therefore be explained in terms of 
chance alone, a tentative analysis or class! ftcathtn of 
the test items may be of value since there arc only 20 
situations out of a possible 100 on which the colored 
infants showed a larger percentage of successes. It 
will also be noted that 6 of these 20 test situations fell 
in the fourth-month level, and an explanation has al- 
ready been made for the fact that the four-inonihs-old 
Negro babies made a slightly superior rating to that 
of the white babies in terms of successful reactions to 
the tests presented to them. The test items showing 
the greatest difference in favor of the Negroes were: 
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(fl) Fear of the Unfamiliar; (^») Imitating Mimicry; 
(c) Manipulating a Still Object with a Moving One; 
and (d) Grasping with Both Hands without Using the 
Fingers. While there is much overlapping, of course, 
in characterizing the type of reactions involved in 
these 20 test situations, in at least seven of them the 
social element, that is, the interplay between the exam- 
iner and the infant, seems to be paramount; seven in- 
volve largely the baby’s interest, reaction to and de- 
fense against materials; three are almost entirely tests 
of body control ; the successful response to two of these 
situations involves a reaction of fear, and one, Experi- 
mental Movements, is beyond classification by the 
writer, since the purpose and administration of the 
test was not well understood. 

In contrast, the white babies show a statistically re- 
liable superiority in the following test situations: 

ri-+ Fn'Kht nt Loiul Sound Stimulus 

IX-+ Destructive Activity 

X-3 Uncovering Hidden Object 
X-+ Glass-Plate Test 
X-5 Turning in Surprise to the Adult 

XI-6 Imitating Knocks with a Spoon 

There are two plausible explanations for the supe- 
riority of the white babies on the first items here men- 
tioned, This response is well recognized as primarily 
a reflex action, and it is cf)nceivable that the colored 
babies coming from large and less organized families 
become inured or adapted to loud noises sooner, and 
the response is therefore more readily elicited from 
the better protected babies at the age of two nKUilhs. 
Another possible explanation is a statistical one. Of 
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the 19 white babies rated on this test 7 (37%) were 
only two months of age, and of the 13 colored babies 
rated on this particular test only 3 (23% ) were two 
months old, Older infants have presumably matured 
beyond the period of primary reflex reactions to this 
type of stimulus, 

The destructive title to the contrary, Test 1X4 seems 
to involve an early gleam of curiosity and spontaneity 
of reaction. Purposive knocking down a lower of 
blocks appears to be for the infant investigatory, and 
indicative of a stage of maturation relatively complex 
in nature. 

Uncovering a Hidden Object and the Glass-Plate 
Test are, in the opinion of the writer, two of the most 
diagnostic test* in the whole series-— they Involve not 
only perceiving the objective, but the means whereby 
it is attained. 

Other test items on which the white babies show 
some superiority over the colored babies, though the 
difference is of variable significance, are in the order 
of their difference in terms of the sigma of the tliffcr- 
ence, as follows : 

VTlI-4 Purposive Selection of n Toy 
yiI-2 Locomotion 

IX-5 Imitating the Opening nnd Cl(»ing of a Piciure-Bouk 
VlI-7 Paper Test 
X-7 Memory Experiment 
V-7 Defense Wlicn Toys Arc Taken Away 
III-S Reaction to Disappearance of n Seen Object 

V- 6 Removing Toys 

VII-10 Taking Toys Away from an Ailult 
III-6 Changed Rcacdon upon Repcnid Stlmulntinn 

VI- 3 Dtsplcoture after Vain Grasping 
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IX-10 Adnptation to the Unfpmilisir Adult 
VI-6 Laughing ns a General Reaction 
XI-7 Imitating Sounds 

X-9 Throwing Objects 

XI-9 Organized Game with an Adult 
X-I Imitating the Sounding of a Bell 

In all, the white babies showed some superiority id 
percentage of successes in 76 of the 100 different test 
situations; on 4 tests the whites and blacks were equal; 
and, as previously stated, the Negroes made a larger 
percentage of successful responses to 20 of the 100 test 
situations. The 4 tests on which an equal percentage 
of correct responses were made were; 

11-5 Fixating 

VIII-6 Reaction to Strange Environment 
VIII-10 Striving after an Object Outside tile Bed 
V-5 Napkin Experiinciit — ^I.'/ing on Back 

Qualitatively, the reactions of the whites and colored 
babies to the various test situatLoas were. sut^irUlagLv 
similar. This was true even in situations where, due 
either to change in materials or procedure, or to some 
difference in American and Viennese infants, the cliar- 
acteristic responses of these infants were quite different 
from those reported of the Vienna babies, as for e:^' 
ample, the experiment with the mask. 

Physical Differences 

The comparison of the height and weight of the two 
groups of infants examined not only with each othej'i 
but with their respective norms or standards is well 
shown in Figures 3-6. It is easily perceived that the 
white babies (with the single exception of the height 
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of the two*monih8*old while boy$) — buih bop and 
girls—arc consistently abtjvc the Negro babies in both 
height and weight. This is also true of the standards 
for the two groups. The weight of the white girU in 
this investigation is much in advance not only of Ne- 
gro girls, but of the norms for white girls throughout 
the country. The standard heights and weights here 
quoted were taken from U, S. I’ublicaiion Bulletin No. 
87, and an explanation of the basis on which they were 
compiled is significant in the light of tlicsc compar- 
isons. “A comparatively small number of records, 
4,976, of Negro children were tabulated. Of these 
224 were weighed and measured in New Kngland and 
and Middle Atlantic States, 2,567, in the Southern 
States; 564 in the North-Central group of States; 217 
in Iowa, 106 in the Western group, and 126 in Cali- 
fornia (and) 1,172 who were weighed 

and measured in New York City (in underclothing) 
were included to make a group large enough to be 

tabulated the inclusion of these children 

weighed in underclothing tends to understate the iiif- 
ference between the averages of the white and the Ne- 
gro children The average deficiency of die 

Negro in stature is about two-fifths of an incli, or L3 
percent, for boys and one-fifth of an inch or 0.08 per- 
cent for girls. In weight the average deficiency is 
nearly U ounces for boys and 9 ounces for girls, .3 per- 
cent and 2.5 percent respectively" (118), 

Tables 5 and 6 show the height and weight of the 
infants in this investigation anti their variatum from 
their respective norms. 
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FIGURE 3 

Stanimiu) WtToiir of White and Niioito Hoys and ‘Wiitgiit of 
Exi'erimentai/ White and Neoko Hoys at the 
Diffeiiunt Age Levei.s 
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TABLE 5 

Weights of Infants and their Variation from Norms 


Age 

(months) 

Weight 

(pounds) 

Norm 

Diff. 

Weight 

(poundfl) 

Norm 

Via. 



WlllTH COY3 


Nucro Boys 

2 

11.00 

11.75 

—0.75 

11.00 

10.99 

OM 

3 

12.75 

13.34 

—0.69 

12,1/ 

12.66 

—0,49 

4 


14.14 


13.36 

J3.97 

—0.63 

5 


15.43 


14. 00 

15.21 

—1.21 

6 

15.13 

16.9$ 

—1.86 

14.75 

16,04 

—1.29 

7 

16.53 

17.89 

—1.36 

14.70 

16.72 

—2.02 

S 

18.23 

18.68 

—0.45 

16.82 

17.02 

0.20 

9 

19,90 

19.36 

0.54 

18.75 

17.62 

1.23 

10 

20.26 

19.9H 

0.2S 

18.20 

JtSM 

—0.44 

11 

21.00 

20,54 

0.46 

16.50 

18.82 

—2.32 


White 


Negro Gimj 

2 

11.20 

10.93 

0.27 

12.00 

10.09 

0.91 

3 

13.30 

12.37 

0.93 

12.00 

11,76 

0.24 

4 

14.00 

13.64 

0.36 

13,20 

13,28 

—0.08 

5 

15.40 

14.79 

0.61 

14.10 

14.1S 

—0.05 

6 

16.40 

15.79 

0.61 

15J0 

15.12 

0.18 

7 

17.40 

16.68 

0.62 

16.40 

15.92 

0.48 

8 

18.10 

17.45 

0.6S 

15.90 

16.31 

0.41 

9 

18.50 

18.13 

0J7 

15,30 

16,93 

—1,63 

10 

20,45 

18.7+ 

1.71 

15.30 

17.29 

—1,99 

11 

23.50 

19.30 

4.20 

16.00 

17.87 

—1.87 


It will be noticed that the infants studied, both col- 
ored and white, varied very little from their respec- 
tive norms in height, but that the colored babies, boys 
and girls, fall noticeably below their norms in weight, 
and that the divergence from the standard increases 
with age. Figure 7 illustrates the divergence of both 
white and colored babies in terras of developmental 
age, as achieved on the Vienna scale, from the chron- 
ological age. It is apparent from this graph that the 
developmental ages of both the white and colored 
babies fall below their chronological age at the upper 
end of the scale. It has already been explained that the 
low developmental ages at this end of the scale arc at- 
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TABLE 6 

Heights of Infants and Their Variation from Norms 


Age 

(monilia) 

(inches) 

Norm 

DifF. 

Height 

(inches) 

Norm 

Diff, 



VViUTfi Hoys 

Necko Hoys 

2 

21.20 

21.0J 

—1.57 

21.50 

22.29 

—0.79 

3 

23.55 

24.07 

^—^►42 

22.75 

23.47 

—0.72 

4 


24.96 


24.00 

24.41 

—0.41 

5 


25.74 


25.00 

25.09 

—0.09 

6 

26.00 

26.41 

—0.41 

25.75 

25.67 

0.08 

7 

27.00 

27.00 

O.OQ 

26.00 

26.10 

— OclO 

8 

27J3 

27.53 

— 0.19 

26.25 

26.32 

—0.07 

9 

28.00 

27.99 

0.01 

27.25 

26.93 

0.32 

10 

28.33 

28.41 

- — 0.10 

27-50 

27.59 

-^.09 

a 

29.00 

28.85 

O.IS 

26.50 

27.72 

—1.22 


WllITK CilRM 

Nbcho Girls 

2 

22.60 

22.SI 

0.09 

22.50 

21.97 

0.53 


23.75 

23.55 

0.20 

22.50 

23.02 

—0.52 

4 

24.00 

24.42 

—0.42 

23.00 

23.94 

^0.94 

5 

31.16 

25.13 

—0.02 

23.00 

24.54 

— L54 

6 

26.00 

25.84 

0.16 

24.50 

25.22 

-0.72 

1 

26.75 

26.43 

0.33 

26.00 

25.89 

O.ii 

S 

27.00 

26.95 

0.05 

26.00 

26.16 

—0,16 

9 

2S.0O 

27.43 

0.57 

26.60 

26.45 

0.15 

10 

29.25 

27.88 

1.37 

27.37 

26.84 

0.53 

11 

29.50 

28.31 

1J9 

28.50 

27.54 

0.96 


tcibuted to the termitiation of the scale and the inade- 
quate ratings of the infanta at this level. 

From the accompanying graphs, there might ap- 
pear on the surface to be a nutritional factor entering 
in and modifying the performance of the older Ne- 
gro babies, While it is possible that the nutritional 
factor may have a detrimental effect upon the per- 
formance of these babies, it hardly seems adequate to 
explain the consistent di/Tcrence between white and 
Negro ratings at every age of the scale. Moreover, 
it should be kept in mind that the norms with which 
these Negro babies arc compared as to height and 
weight were compiled on very few cases in many in- 
stances, and the physical standards of Negro growth 




90 


OEKETIC PSVCIIOUKJV MriNOCtR^PHS 


ift infancy arc not so well established as is the case with 
the white standards. However, as a icnlalivc check, a 
comparison was made between the Negro babies above 
weight and the while babies beloic weight, and the 
average DQ of the Negro babies above weight was 
found to be considerably below the average l^Q of the 
white babies under weight. Of the unal 60 there were 

12 colored babies above weight. Their average DQ 
was 96, or four points above the average DQ of the 
unseiccted Negro group. The average DQ of the 18 
white babies, from the total of 68, who were below 
weight was 108, or 3 points above that of tlic unseiccted 
white group. In other words, there is a difference of 

13 points in the average DQ of the unseiccted white 
and Negro groups in favor of the whites, and a differ- 
ence of 12 points, still in favor of the whites, hciwccn 
the average DQ of the underweight white babies and 
the average DQ of the overweight Negro babies. 

Summary 

This chapter gives n comparist^n of the white and 
Negro babies in terms of developmental quotient, de- 
velopmental age, the percentage of successful reac- 
tions to each test situation, as measured on the Vienna 
scale of “Baby Tests." There is a consistent but slight 
superiority in favor of the performances of the white 
babies. A comparative analysis was also mailc of the 
specific tests on which the colored and while babies 
showed cither slight or significant differences. An 
estimate of the physical development as dcicrTiiincd by 
Height and weight is revealed in a comparison of ihese 
babies with the standards for white and Negro babies, 
respectively, 



V 

GENERAL SUMMARY AND CONCLUSIONS 

Previous studies concerning racial characteristics of 
the American Negro, more properly the American 
amalgam, suggest the following inferences; 

1. The American Negro is a product of white and 
Negro miscegenation and is, therefore, not an adequate 
subject for unqualified conclusions concerning Negro 
traits. It is estimated by Herskovits that about 80% of 
the American Negro population has some white blood 
in its heritage. 

2. Notwithstanding the admixture of blood, there 
appears to be marked physical homogeneity, denoting 
group (if not racial) unanimity, which makes the 
American Negro a distinct type diflerent from the 
■white race with which he is amalgamated and also 
from the African race from which he is originated. 

3. In view of the above considerations, it would 
seem that, although purely Negro traits may be ascer- 
tained through a study of African subjects, such re- 
sults would have little significance or reliability so far 
as interpreting the status of the American Negro is 
concerned. Since a study of racial characteristics in 
this country presents a practical aspect, viz., adjusting 
social organizations to meet the requirements of dif- 
ferent groups, studies based upon the "social” rather 
than the "biologically pure Negro” seem justifiable. 

4. Results of studies of Negro racial characteristics 
in America have been clouded by two very serious ex- 
perimental handicaps: (n) the degree of admixture of 

[ 91 ] 
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white blood, and (/>) the effect of environmental fac- 
tors upon the performances of the Negroes. Conflict- 
ing and divergent interpretations of quantitative data 
are the inevitable result. 

Although these factors have not been cniircly ruled 
out in any racial study, the preponderance of experi- 
mental data seem to predicate a slight but significant 
superiority of the American white over the American 
Negro in most of the so-called intelicciual traits. The 
cause and effect relationship of the flndings of these 
investigations is still a matter of speculation. The ex- 
tent to which these differences may be attributed to de- 
terminers within the biological organism having a 
racial linkage, or the extent to which they arc resultant 
of environmental disadvantages on the part of the Ne- 
gro remains undetermined, and unqualified conclusions 
are unwarranted. 

Since no single investigation justifies unquestionable 
generalizations, a better understanding of the Negro 
is contingent upon an accumulation of data, gathered 
under varying conditions and with different experi- 
mental controls. 

Accepting the measurable differences in performance 
of the average white and Negro adult, some experi- 
menters support the rather popular notion that the Ne- 
gro, being an inferior race, develops more rapidly in 
infancy and early childhood, but attains his maximum 
level of development earlier than the white child. 

Modern psychology, on the other hand, tends to at- 
tach considerable prognostic value to the appearance 
of early maturational behavior patterns in infancy as 
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indicative of latent mental endowment. This is ob- 
viously contrary to the hypothesis that inferior races 
mature more rapidly in early childhood. 

A comparative study of infants of the two groups, 
American whites and American Negroes, gains signifi- 
cance (a) in the limitation of environmental efiects, 
and (A) as a check on the rate of maturation of the two 
groups in terms of early developmental patterns. 

The reports of several investigations, estimating the 
effect of environmental factors upon the development 
of young children, suggest that the age level when 
there is the least correlation between social status of 
parents and the mental or developmental rating of the 
child is during the first year of life. 

Interpretation of the Results of the Present 
Investigation 

The results of this investigation lend no support to 
the theory that Negro babies mature more rapidly 
than white babies. The extent to which the difference 
in rate of growth is indicative of intellectual endow- 
ment is a matter of speculation. A longitudinal study, 
comparing the same subjects over a number of years, 
would offer more conclusive evidence. 

In terms of developmental age, developmental quo- 
tient, and percentage of successful reactions, the white 
babies in this experiment are superior to the Negro 
babies. 

In general, the developmental level achieved by the 
Negro babies appears to be about 80% as mature as 
that of tlie white babies. 

There is considerable overlapping in the ratings of 
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the two groups, there being a greater difference be- 
tween individuals within a group than there ia between 
the means of the two groups examined. 

The babies in this investigation, both white and col- 
ored, appear to be a reprcsentaiivc sampling of the 
babies of the two races in the community where the 
study was conducted. On the basis of the tentative re- 
port of the Bureau of Vital Statistics, it seems that 
about 50% of the babies born during the year in the 
community in each group were subjects in this investi- 
gation. Insofar as this particular community is rep- 
resentative of the Southern population, it may be said 
with reasonable certainty that Southern while babies 
arc superior to and develop more rapidly than South- 
ern Negro babies. 

The white babies also evince superiority in terms of 
height and weight. This is true of white and Negro 
babies throughout the country. Although the differ- 
ence in height and weight corresponds to a difference 
in performance, this docs not appear to be a cause and 
effect relationship since the underweight white babies 
are superior to the overweight Negro babies. 

Considerable overlapping of the two groups is evi- 
denced in this investigation. 

The data of this experiment corroborate the findings 
of previous investigations on older subjects evincing a 
“slight but consistent superiority'" of the white subjects 
over the Negroes. 

It is significant that even with very young subjects 
when environmental factors arc minimised, the same 
type and approximately the same degree of superiority 
is evidenced on the part of the white subjects ns that 
found among older groups. 
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UNE li^rUDE COMPARATIVE irON GKOUPE D'ENFAN'ns BEANCS 

ET NfiGREs rm .son 

(R^vumO 

Une ^(ude dcs difffrc'nceR ri tle« dr race chci Icn ^roupca am^ricains 

hlancii ei tie fiermri pa«i de jR^nigraliflaiionH imn ijiialifi^ef^ i canee dc 

deuK Kranden difliculU^, & »avair. (I He m^UriK^} dr« deux races comme on 
le trouve aux Euu^UtiU. eK (2) let faneurii fnl^^aux du milieu dont il faui 
(oujuura &e rendre roniple m^e quand leu rondidans exti^rimcnialea sont 
bicn contr6I£c^ Par coni^qticni tew Eludes dr race dam ct poya nous pri- 
icntcni pluiicrs cuncluBiund dift^reriUtu En ^Oilrnl les r^auhaift dc» cnqu£ic<( 
nnt^rieurex indiqueni une dupfripriU Autt Ai^nidcailvc des groupei blancji 
BUT Ics groupeA n^rei mj luuldircs et quctqucx cxp^ricnccA oni aouitnu I'hy^ 
pothifle que le n^re am^nrain ei le« groups dc racis soi-disant inf^ricures 
sc d^vcloppcni plus rapidemcnl & U premiere i^poque de la vie, c'cit-il^dirc, 
pendani la premUre panic de Peniancr, mats qu*il§ aiteigncm leur d^- 
veloppemeni mAximum i un Igc bcauooup moiiiB avanci ei & uii niveau 
molna £levif. 

Dans le bul de rendre le moitts impoiianr possible Teffei den influences du 
milieu, on a employ^ comme aujcH de cetic enqu^e seulement dea enfanis 
de deux & onze mois. On a choisi an ba«ard moixanie enfatits nfrgres 
et soixanle-huil enfanis Idancs parmi Ics cnfania de TalUhaifcc, en Floridc, 
et on lea a classes par une Ecbclle de Tests pour Ics J3cb£i Aclon Ic ]>i‘ 
vcloppernenb falle ei Alandardis^e par Hifcleicard Ueircr ci Kdihe Wolf A 
Vienne. On a mainicnu tonsianics pour les deux groupcs Itn m^ihndcs dc 
choiiir lea lujcti ci ics condliions rxp^rlrncninlcii. On a cousidfr^ un Bujel 
''nigre" «i tout le mondc eansidfrait ses parents ’'niigres", ct l*on n^a pas 
du tout e«flay£ d'evaiucr le degr£ dc sang n^rc ou bUnc h^riid par un 
aujci. 

QuAtid on compare Ics deux groupes eu terrnes du '^Quolieni dc l>^- 
vcloppemeni*’ (U proporiiort cnire 'TAgc du D^vcloppcmciii" cl "i'Agc 
Cbronologique**), on irouvc une difT^rehcc peiiic niais stAiiAilqucmeni con> 
iianie en favciir du groupr bUne. I.a cli^iriluiiinn tics CI.l). pmir Ics dciix 
grouped forment uuc ‘‘courbe normalc'' d'i peu pr^s la mevue vari ability. 
I^s Q.1X dea 60 enfanii n^gres oni vari£ dr U & 123, ct crux dcs cnfanis 
blancs dc G8 & 142. f.e Q.L). muycii du groupe bUiir a ^le dc 10$, ^. 0 . 11 : 1 7, 
el Ic Q.D. moycn du groupc nigrr a dc S.D.rJUl^^ ba difTdrcucc ric 
CCS quolienis luoyens cst plus grande d'lin peu pbis dc quatre fois (pie 
i'erreur iinlon. I.c r^suliat moycn dii grtuipc Manr a ci^ tgale uii d^- 
pnssi^ par 2S% des ndgres cl Ic r^siiliai nui>cn du groupc n^gre a ^t6 nu 
d6pas»6 par 71 dcs Idnncs. En tcnrics du pmirccniagc ilc» rcnt'iMiii*i rfi- 
ussicH DUX difl^rcnics situations dc test, 11 y a cii une lendnurc ron^ianic cii 
faveur de U superiority dcs blanc«< Dans cent ilillcrciucs siliiariiuin dc 
(CBt ics cnfnnts n^gres qju fait un plus grand pniirrcniagc dc rypnnsen rc' 
iissics h virigi, Ics blaiics A soixaiiie-sclyr, et Ics ilcux gniupcs nm tiy igaux 
cn qunirc siuiniioiis. l>nc rumparaisnn dcs beb^s Idniirs n'ayaiu p»s an<«e/ 
dc poids ct tcH byhys riygres nyarit irup dc pnids n (ouiour«« iiiruury une 
petite superiority dcs blancs. re ipii scniblc rnidrc nnlln la iiiiirilinu iinpar- 
fnltd coninic variable perrinent. 

bos rysuhats de ectre etupictr nc Hontirunrni pa>i In ibrnrir qiic Im lirlicx 
JiigreN nrrivctil A In luntiiriiy plus nipidriiicni que Icn bcl^yll blnrirs. Ki\ gyn- 
yral Ic niveau de dyvclo[ipcniciit ntteint i>Ar les enfaiii<i ncgrcs dAtis rctie cn- 
quSie sendde envinm 80 tims> mwr que erbii dci tdnor^. 11 ^ig- 

ninenut que, meiuc die/ dcs ciifniits Iren jeuucs, qimiul on reiul Ic nioiim jiii- 
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portflnfs quc ponibli* \t% facttuiii c|w tnilSru, Ip mhvtv irK ki k 

peu prii Ic xtiSmp d«|trl cn iav^t d*' b *p 

moiKrc comme irauvi anf^ricurc#nc«i dani^ l>rifld<? d« leh 

nue It* cnfiinij dc oti Im 


EINE VERGLEICliENDE I'S TERM'dllMi p^S KiM^k 

BESTEliEI^D AU8 VVEISSEN TNO NEliRRSAPcinVURS AV^ 

DEM SDDEN DER VEIUtINUiTEK !^rAA l EN 

iRtfnaij 

Bine Untpriuchung der RawnMhNrfcbipde wMI TCrf«iHrn 

und 'Kchwaricn' Amcrikatti»clian GfMppcti ^cla ftkfes Mttbc- 

KchrUuku VetailgemdncruPgctt. Mchew Mrhen pird 
im Wcgc: namcniKch: l| die Krfryjtuftic der iwri wk w> ?w dew Ver 

clnlgun Stnalen iiaiiRndei; und 2) die cinalganijieii der 

geboDg, wclche Die '♦filHsi fluigse^^diliwtuen wnlcn yNCMRO^ mtIM vtrfw* die 
perlmeDtellen llediPgunfeD Rvt ItoniriiHkrc »iod. ^iDd d»f 

nine der UnureuehuEviten an Ramn mannl^i^QUn^ dien^kiPEvd im 
Allgflmclncn wlrd durcn die Lief<rtin« fpidteier Vp^tumhnm^^ 
ermaaien bctleuUainc OberlegenheU ncr welif^en CUnpppii den ynd 

Muleuengruppen gegenOber angedeuiet, utid r% Im 
E xperimetiie die fh^i^tHheJie uniereitiui wi^rdrn^ daks d^f Am^Mksi^i^rbP 
Reger, gemelnwbafineh rnli den jM^genenmen "ilefer^itbrndrtt" Ka«»-f^ 4 tiupp^rn 
ilch «war im frOhen Leben«al(Br^-^.li^ relbrend dpf dPi KJrlnltfi^dbew eind 
frUhen Klndbel(|—*r shelter enivriekdi, den H^epMiiki Rni«tkUyn«t 

aber vlel (riilitr uc\d auC medrigeren) Niveau ecreiclui. 

In der Abilchi, die Efnielrkungen der Umgebun^ da« klr^nMP 
2 U reduderen, wurden die Veritiehipertfoticn in disM'r ^ut 

S&ugdnge Im Alur von t hh II Mnnauci lu^^brianli. Man siabm 
Oerniew'ohl &0 Ncger und (8 irdisie Rguglinge au« der SaiilffV|birr<^lirrunK 
der Sladl TaUabAnee, Florida, und Uanlerit n&rb d»r FmwrtdUrtgt 
ikflU (‘dcvelopmeniil scale') der van llildegscd IMeer niidi K^vhr in 
Wlflti entwkkehcn mdi) siandardi^lenen Die MnbiKlr drir Av*>> 

>vahl der Vpn. und die expcrimenicUcn Bcdicmiingen ^puid^n an <h^i Ui^vn 
Gruppon glelch gchallen, EIno Vp. wurd al» "Ne^rr lunrarbin nritn dir 
Bltern soxTal al!i Ne(;er galten, unu man hmnubie ^irb nirbL dm Gral drr 
Neger- oder der ireiisen Vertrbung einer bcMitumian Vp, ahiufcrbiairett- 
VerBlclcht man dio xwei Oruppen bexiigllch det EnM-ridslun^Mijmirnifc 
(^developmentAl quotient') [d.b., dci Verb^ltnii^^i miwrbm Hni9’*ir\lMniit' 
alter ('dovelopmentAl ago') und Lebenealier (’chranalii^kal a^r'ilS mi rr^jiM 
ilch eln ktciner aber siaimisch zuverllMlger rntrnrbird i»u dri 

welsBcn Qruppe. Die Verhreilutig der (Emwlcklun^M|vi<Hununl l«i 
bcidc Gruppen cnhprichi der eintr Nortnalkurre vm anHi^hNnd Klrifbn 
yArlBblliiftt. Die E.Q, der 60 NegerskuAliiiKc «fr*.irei;kpft •itb urin M bi^ 
123, und die der tvclseen Gruppe von 68 hh 142, her rfiiivlrrr qimn>iu \vs»t 
I Gruppe 105, (Norinalalmekhung, d.h. Mandaid drvi 

Oder 8tUMi;l7) uml bel der Nejcergruppe ^1, 1 NwimttlAbwrirhukn^s 
Der UnurBchJctl xwlscben diencn DiirchiwhnlUMablm in rDva liri Mai 
groii Vila der NormaUebler IVandard error). Die rniiflrre /M 
score ) der welMen Qruppe wurde voa 28% der Negergrupps^ ern^lt^bt ^«lrf 
OberlrofFen, und die miuiero 2^nhl d«r Negergruppe vwn 71% der Hri**m 
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Gruppe (^rreicht oder i^jberiroffen. fier&chncric man den Pro^enlnnu dctr 
glt:liin|(tnMi iteakifODeft auf die verachledeiifcn TeiuUuallohen, lo aeigte alch 
tint konf<c^iJcnlc Tendcnat %m Gtlniicii dcr dbcriejcenhtit dcr Weiwicn. Von 
100 TeAi&iiuBiioDcn entiellcti bci 20 die Nei;(«rflfiuglJnf(e und bd 7B elk 
^eliicn den hohmn Proaeouau Retungencr Reakikncn. llei 4 SiLuaiknen 
war der Pmxehl«aia bel b«ideii Gmppen gkich. Bine Verglelchung der 
mlndergeivlchlkcn tveUnen Alug;linge miv den Obergewichfigen NegeraSug' 
llngen envlev npch immer rfne ohnoht geringe Uberl^ctibeii der WcUicn, — 
cln Brfurtd tier dk manitelkafie Erndhrung rIn irerfende Vflrinblc (*perik 
nent variable') autxuischliejMien «cfaeinl, 

Dk Reiuhaie dkwr llnier&ochung uniersidUen kefneiwegi die Thcork^ 
da«ii Negcmduglingeh nich ra^cltcr cmwlckcln wie wehxc Silullngen, Im 
Allgcmeincn I»i der von den NegemAugllngeti in dicker Unienuchung^ 
crrekliie Enivrkklungtoiveau ungefAHr S0% m keif wie der der wciisen 
^iijglinge. Bi iu von lUdtniung, dan »(>gar bel »cbr jungen B&uglingeni 
und iuch vrenn dk Emivirkungen der Umgebung auf dan klclnaio Maia 
reduzieit worden alnd. alch ungefillir die ftdbe An von Dnterichled uml Id 
ungefiihr dem ^rlben xelgt ^vic «le «kb frOher bel t/nieriuchungen 

an llkren Veriiuchipcrioocn,— ehva ^bulklndern odcr Erwachsenen — 
finden llexii. 
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Introduction 

The arm and hand of the newborn infant can be re- 
garded as a more or Icsi unorganized group of bones, 
muscles, tendons, skin, nerves, etc., but possessing the 
capacity of a highly cooperative and orderly function- 
ing system. At least seven distinct senses, the muscu- 
lar, tendinous, articular, warmth, cold, pressure, and 
pain, have their sense-organs generously distributed 
throughout this limb, particularly in the hand. It is 
natural, therefore, that this portion of the human body, 
with its advantage of location and its numerous sense 
end'Organs, should be regarded as one of the most im- 
portant means by which the infant secures his first im- 
pressions of the world about him. 

The general phyaioJogical theory (30) regards the 
skin as the oldest sense-organ of the human body. As 
the covering of the body, it was the medium by which 
the animal learned of the outside world. As the ani- 
mal moved about, certain of the forward parts of the 
body became specialized into sensitive regions to enable 
the animal lo gain more specific information of its en- 
vironment, and later the sensitive regions became the 
special sense-organs (68). This theory explains why 
the finger-tips, as well as the special sense-organs like 
the eye, ear, etc., are more sensitive than are other parts 
of the body. But, whether or not we accept the theory, 
we cannot disregard the findings of experimental physi- 
ology and psychology which indicate that the finger- 
tips have a high degree of tactual sensitivity. 

[ 113 ] 
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The hand is of considerable consequence because of 
its generous sensory rcpreacniaiion in the brain. In 
fact, the palm of the hand, the face, and the sole of the 
foot arc, to speak loosely, our real tactile sense-organs, 
and, from both the practical and physiological points 
of view, the palm is, perhaps, of most service to us. In 
this connection, oor atlcniion goes immediately to 
Helen Keller for whom the hand performs as a worthy 
substitute for the eye and the car. By means of her 
hand she reads and speaks our language and lives in a 
world quite similar to our own. 

That there is a generous distribution of tactile sense- 
organs in the hand, there can be no doubt. Of some 
2000 Pacini corpuscles scattered throughout the cover- 
ing of the human body, the fingers alone contain 800 
(68). The foot ranks second, and then follow in or- 
der the arm, the leg, and, finally, the trunk. These end- 
prgans are found not only in the subcutaneous tissue 
also in the bones, Joints, and tendons, as well ns in 
; iqterosseous membranes, and are generally supposed 
to function in response to pressure and cold. 

' :|Mei89rter^8 end-organs of pressure also are found in 
greatest numbers on the hand and foot, especially on 
the jpalm surface of the tip of the Index finger (68). 
Spiderhjal nerve-endings, organs of cpicritic sensitiv- 
liiyif auch the finest nerve ramifications between the 
< ^ and hcdcriform expansions, organs 

wHlch; probably respond to slight contacts, are plenti- 
ful jji the ’^tflraar surfaces of the fingers. 

support these discoveries by the experiments 
of .'Webcr, of Goldschcider, and of von Frey on the 
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Ilmen (47), These three Investigiitors agree 
that the (hrcshnld for the perception of two points 
varies for different portions of tlieskin, with the finger- 
lips and the tip of the longue ranking first, and the 
middk of ihe back laiu 

Tactual localisations are made through the medium 
of “focal signs,” That i«, one point on the skin differs 
from anuihcr point because their tactual qualities dif- 
fer. The accuracy with which one may localize these 
points varies for different parts of the body, as in the 
c^e of dual tactual impression, and is greater for the 
fingers than for tlie back of the hand or the wrist, and 
is poorest on those portions of the body which are usu- 
ally covered with clothing (47). 

The senses cooperate in a most salutary manner to 
aid the individual in his development and to keep him 
in rapport with his environment. They may be classi- 
fied as tclcsthetic and immediate. The former class in- 
cludes vision and audition, while the latter includes the 
cutaneous and kinacsthetic senses, The former alone 
maintain at best a distant relationship with an object. 
The cutaneous sensations bring into this relationship an 
intimacy which is unmistakable. The desire for inti- 
macy is perhaps the reason why infants reach for ob- 
jects which stimulate their visual and auditory senses. 

Place an object, as a cube, a few inches before a 16- 
wceks infant and note the behavior. Pie regards the 
cube for short intervals and generally makes sporadic, 
determined efforts with the arms and hands to reach 
for it, but is unsuccessful in his attempts to secure it. 

A 28-wccks infant approaches and seizes the cube. 
His kinacsthetic and cutaneous senses cooperate in a 
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very definite, although somewhat clumsily immature, 
manner to aid in accomplishing the grasping act. At 
52 weeks the infant secures the cube quickly, with little 
eflfort, and, analytically, in an almost artistic manner. 
In this learning process we find a gradual and steady 
growth in the ability of the infant to coordinate the 
several manipulatory elements of the arm so that they 
cooperate with vision in securing the cube. In this 
connection, another accomplishment is the partial con- 
quest of the third dimension. No one can say just 
how distances appear to the unsophisticated eye of the 
young infant, but it is extremely doubtful that an in- 
fant early deprived of the use of his kinacsthetic and 
cutaneous senses would even half appreciate tridimen- 
sional space. These senses bring into early experience 
an. appreciation of amoothnesa, roughness, hardness, 

' softness, warmth, cold, distance, direction, size, etc., 
in a way that no other sense departments can supply, 
in fact, we may say that in early infancy the lower 
senses supply more practical and accurate information 
concerning the environment than do the higher senses. 

: These lower senses aid the higher to make sure of ihcm- 
selvesj for correct judgments as to the qualities of ah- 
jeets, such as hardness and softness, which at first arc 
; made only by means of the cutaneous and kinacsthetic 
senses, ate later made on the basis of information sup- 
plied by vision. The object now looks soft or hard. 
Thus vision often serves as a surrogate for the cutaneous 
and kinacsthetic senses which originally contributed 
mutually to render the perception. 

The importance of the cutaneous and kinacsthetic 
senses in securing information in our early perceptions 
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of fpaoe is iUustraied in ihe casog of persons who, blind 
at birth, have reem^ered their sight later in life (47). 
They do not recognize by vision nJone the shapes for- 
finerly perceived through the cutaneous and kinaesthctic 
senses and have to handle the objecii to identify them. 
In the same way, they also make faulty judgments of 
distance and depth. We appreciate the prominent and 
valuable role of the eye and the ear, but we wish to 
render to the arm and the hand their just measure of 
attention. Without the functioning of the latter there 
would be great gaps in an individual's knowledge of 
the visual and auditory world. 

The cutaneous and kinaesthctic senses arc very closely 
and variably associated (+9). An une.xpectcd touch 
usually causes one to start, or to bring a hand toward 
the place contacted; or the touch may result in with- 
drawal, or in a defense attitude. No portion of the 
body of equal volume contains as many end-organs of 
the above modalities as docs the hand. No other part 
of the body incorporates in as limited a section as many 
possibilities for varied action. First of all, consider 
the hand's great range of movement because of its sus- 
pension at (he end of the arm. Note its freedom of 
operation due to the three joints of the arm and to the 
rotary action of the radius upon the ulna bone in the 
forearm. Consider the hand’s manipulatory and ex- 
ploratory qualifientions by virtue of its five long digits 
with tijcir fourteen phalangeal segments, the sensitive 
finger-tips, and the prehensile value of the opposition 
of the first to the remaining four digits. Consider the 
reach, strength, and flexibility of the fingers of rhe 
hand, also its case, speed, and deftness in adapting its 
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form of grasp to the size, shape, weight, position, and 
even to the disposal of the object about to be prehended, 
The very close relation between the several cutaneous 
and kinaesthetic senses which one finds in the hand is 
what makes the hand the "feeler” of the human body. 

In this study we may, with advantage, enumerate 
briefly some of the physiological and psychological 
conditions which arc likely to be instated in the total 
act of prehension. They arc*, maintenance of bt)dily 
equilibrium, involving bracing by legs and heels; hip 
flexion, to bring the shoulders and head of the infant 
nearer the object; lowering of the head medially; ro- 
tation of the body above the hips to swing forward the 
favored side; extension of the lateral angle of the scap- 
ula, bringing forward the arm from the shoulder joint; 
extension and flexion of the elbow; wrist movements; 
hjand-rotation; digital extension, flexion, and abduc- 
tion; and tliumb-opposiiion. Besides these conditions, 

. there ate direction of the approach, length and form of 
approach, its vertical profile, time elapsing between 
the presentation of tite object and the start of the ap- 
proach, time required to contact with the object, lime 
required for grasp, kind of grasp, amount of displacc- 
i^ent of object before it is grasped, and other conditions 
fpp, numerous to mention at this time. 

, . do not propose to give in this paper a complete 
y r.bvjcw of the literature on prehension ( 1 1 ) . However, 
it may be said without fear of contradiction that all 
studies In prehension have merely scratched the sur- 
face, For example, no one can say definitely how in- 
fants of a given age will, under similar conditions, ap- 
proach or grasp an object such as a cube, a pellet, a 
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ball, or a cylindrical object. We are, therefore, in- 
clined to regard all investigations in this field as pio- 
neer studies. 

There are few well-controlled experiments on pre- 
hension, and almost all studies, as far as we know, con- 
sist of observations on one or two infants at more or less 
regular intervals during the first years of life. Among 
the best known works are those of Preycr (+5) and 
Shinn (S2), both of whom, before the close of the last 
century, explored not only reaching and grasping but 
many other forms of behavior, and those of Gesell, 
who has contributed more to the definition of the prob- 
lem than any other worker in the field by virtue of his 
investigations in the prehension of specific objects. 
His results are crystallized in his two volumes (20, 21) 
on the growth of infants, which constitute a compara- 
tive inquiry into the reactions of infants of different 
ages in similar situations. 

The utilization of a mechanical instrument capable 
of recording visually observable behavior makes pos- 
sible analytic investigations of infant activity. No 
number of observers arc as reliable as a motion camera 
for securing records of the behavior of infants. In 
thoroughness of detail, in scope, objectivity, perma- 
nence, and trustworthiness, the cinema record far out- 
classes human observation. The eye of the camera 
overlooks no detail of behavior within its range of ob- 
servation, and, in addition, has fovcal vision for this 
entire range (unless we except those objects which, by 
virtue of their distance, are out of focus), an outstand- 
ing advantage over the human eye. The camera has also 
a span of attention superior to that of man in that the 
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camera attends every detail of the scene before it. Psy- 
chologically, the camera is an ideal observer, a disin- 
terested observer, who records behavior with utter in- 
difFerence to its meaning or significance. l*hc camera 
has an infallible memory. By projcciit>n ii permits 
the re-enactment of a situation in full and accurate de- 
tail with respect to duration of lime and sctjucncc of 
events with a minimum of distortion of spatial schema. 
In fact, the camera improves upon the original situa- 
tion in that one may repeat it at its normal speed, slow 
speed, or by successive stills. Study by slow motion 
and by stilling the individual frames of iJie motion 
film form the greater part of our investigation. 

In an analytic study, such as the present one, it is 
absolutely necessary to review a situation time and time 
again. Under ordinary conditions, of course, one can- 
not reinstate a given situation (57). The situation con- 
cerns not only the external conditions but also the 
attitude (56) ot the infant, and, even though \vc suc- 
ceed in controlling the former, \vc arc not likely to 
reproduce in exactness the latter. No one can say that 
the infant’s attitude upon the reinstatement of vvliat is 
apparently the same external situation is the same atti- 
tude which he experiences in the original situation. 
The motion camera, however, as far as one knows, 
closely reproduces the original situation and permits 
one to study it at length. No observer, be he ever so 
skilled, can sketch with any degree of reliability the 
details of an infant’s behavior while he is actively en- 
gaged in prehension. One catches crudely a bit of the 
action on the wing, and, on recording it, is immediately 
assailed with doubts and misgivings concerning its ori- 
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gin, course, and. end. Certainly the span of attention 
is indeed limited. 

However, when one has completed the analysis of 
the motion-picture records, it is relatively simple to 
distinguish with the eye alone one kind of behavior 
from another, such as recognizing the form of approach 
or the type of grasp which an infant utilizes in pre- 
hending an object, 



II 


THE EXPERIMENT 

MeTHOO, SuB3FX.tr, 

The experimental study of prehension herewith pre- 
sented was undertaken in the photographic observa- 
tory (24) of the Yale Psycho-Clinic, which, with its 
special arrangements and equipment for observing and 
photographing the infant, reduces to a minimum inter- 
ference with his characteristic behavior. 

The study is both a motion and frame-by-frame anal- 
ysis of the cinema records of infant prehension of red 
cubes measuring one inch on an edge, and is both quali- 
tative and quantitative in nature. The paper also in- 
troduces some photographic techniques for the pur- 
pose of analyzing and resolving human behavior into 
temporal and spatial patterns. 

The subjects of investigation arc twelve or more in- 
fants at each of the following ages*, 16, 20, 24, 28, 32, 
36, 40, and 52 weeks. 

The cube situation is but one of the many test situa- 
tions used in the normative examination of infants. 
Qur subjects are selected from those who by this ex- 
amination indicate that they are developing normally. 
Ift order to secure infants who arc most likely to be of 
average development, we include only those whose 
fathers fall within the middle 50% of the general adult 
population as determined by the Barr rating scale ( 55) . 
The education of both parents is generally that of the 
grammar school. The infanus are of Teutonic or of 
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Celtic race, are well nourished, and the records of each 
reveal a normal gestation term, an approximately aver- 
age birth weight, and the absence of any serious illness 
since the time of birth. 

The procedure for the study of cube prehension is as 
follows. When the infant arrives at the clinic and the 
usual precautions with regard to his physical condition 
are exercised, he is brought into the photographic ob- 
servatory, is relieved of all clothing, and given oppor- 
tunity to adjust to his environment before the regular 
normative examination starts. The regular examina- 
tion is about one-fourth completed when the cube situa- 
tions are instated, thus providing a warming-up period 
and complete adaptation without apparent fatigue. 

The infant is seated on the platform (.'?() inches in 
height) of the experimental crib before, but not touch- 
ing, a tabic top which is supported elbow high on tlic 
crib’s adjustable side rails (sec Figure 2). The young 
infant who cannot maintain a sitting c(]iiiJibrIum is 
placed in a small, specially constructed iMorris cJiair 
with a supporting belt about his waist (see Figure I). 
This arrangement is clastic cmuigh not to interfere 
greatly with forward or lateral movcmenis of the trunk. 

The infant faces llie longer edge of ilie table-top, 
which is 30 by 20 inches, and is divided laterally into 
six equal lanes by lines which extcml from its furtliei- 
edge to a horizontal line parallel witli, and 6 inches 
from, the near edge (see I'igure 1 ). 'Fhese lines, which 
aid materially in the analysis of the reeorils, have in no 
way, as far as we can determine, interfered with llie 
infant's natural behavior toward or with the cubes, 'Die 
infant exhibits no self-consciousness in perfonning his 













127 



FIOL'RE 2 

it.LL sTRATiNc: Two Tvi‘Hs OF APPROACH: The Suchtlv Cir 
ciTToL’s Planing Approach and the Straight Planing 
Approach 




<;t;SI.IlC I'SVClUH.^KiV MOMH.BM'HS 


I2S 

task atui enjoys the full free j>lay 'tf iniiik and limbs, 
untciiipcred by iiihibititBiis, in bis reactions t«t the cube 
before him. 

'f’here arc three cube situatiotis. each of 20 seconds'' 
duration. In tlie presentation of tlie lirsi cultc, the e\- 
amincr (7‘J) stands on the left .side of the ci'il>. faciti.u 
it, takes a cube in the palm of her left band and carries 
it below the table top l«t the median plane of the infant. 
She then takes the cube between her thumb and two 
first (in|,a*rs and taj)s it aj^aiiist the far eilj^e in draw the 
infant's regard to this point. As the infant, for the fir>t 
lime, fi.vatcs the cube, it is advanced aloiij.; the mciliari 
line at a rate which bring.s it ii» the standard median 
position, a point 6 inches from the near edge, in 2 sec 
otuls. J'j then releases the cube so that mu* of its sur- 
faces fronts the infant. If, within 0 sccomls, ilie in- 
fant gives no indication of reaching for the cube, or 
appears unlikely to touch it. /C. at a signal from the 
operator (0) ouisi<le the observatory, advances the 
cube inches nearer the infant -and again rcleasc.s ii. 
If, at the ninth second, the infant appears likely to touch 
or take the cube, the cube is not moved forward until 
the nc.xt signal, at 14 secoinis. Of eourse, if the infatiil 
grasps the cube befto'e the ninth second. E (htes nothing 
further with it. Thus any infant wliu does not aci]iiire 
the cube ^villnll the first III seconds (it lake.'^ one secuml 
for E to reach the cube at nijie and another to advance 
it to the near position) is given a second chance to pre- 
bend the cube at a point easily within his reach. 

This procedure is rcj>eaied in prcseiuing the second 
and the third cubes, with the e.vcepiion that die sccomi 
cube is presented with the infant holding the (irsi cube 
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in his left hand, and the third cube situation starts with 
a cube in either hand. The interval between successive 
cube instateraents is about two minutes. 

A motion-picture camera, encased in a near sound- 
proof box and aimed at the infant from an angle of 50” 
above the horizontal in the front median plane, records 
the infant’s behavior. A second camera, at ear level 
and at right angles with the first camera, is used judi- 
ciously to furnish supplementary photographic rec- 
ords (24). 


Method of Studying Records 

The apparatus for studying the motion film is a pro- 
jection table (26) which we constructed especially for 
this form of analytic work. The projector is an East- 
man, 6-volt, hand-cranked, Model C Kodascope, which 
is equipped with a one-inch lens. It is mounted be- 
neath a table, within easy reach of the left hand, in such 
a manner that, with the aid of a mirror, it projects a 
2j4-inch by 3-inch image of the motion film upward on 
the ground-glass set in the lower left-hand corner of 
the table top, which tilts forward 30°. We recondi- 
tioned the Kodascope, which normally permits the 
film to move forward only in the film channel, to per- 
mit film movement backward as well as forward by 
the adjustment of the teeth of the shuttle and by the ad- 
dition of two take-up pulleys at either end of the film. 
One may operate the projector with the left hand to 
obtain any speed of movement of the film from dis- 
crete motion to about 32 exposures per second, and to 
“still” the individual frames of the motion picture for 
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an indefinite period without damaging the film. This 
arrangement leaves the right hand free for recording 
and tracing. The ground glass is lined or marked as 
the occasion demands in order to facilitate definition of 
direction and distance. Occasionally \vc remove the 
ground glass in favor of clear glass and place upon it a 
paper so that the image thrown upon the latter may 
be traced and retained for future reference. One revo- 
lution of the crank exposes successively eight frames 
and the staccato clicking of the shutter makes counting 
of the frames an easy matter. The incorporation of 
this compact projection unit into the study table greatly 
simplifies the analysis of the motion-picture film, 

The combination of the visual records of the cameras, 
the glass screen, and the lined table top before the in- 
fant enables us to describe his behavior in spatial-tem- 
poral patterns.* For c.xample, in plotting the route 
which the infant’s hand lakes in approaching a cube, 
as represented by the film of the front camera, \vc "still” 
successively each frame in the approach, and, with the 
tip of the index linger as the point of reference, map 
out, on a reproduction of the ruled table top drawn to 
scale, each step in the progress of the I)and until it con- 
tacts with the cube or ceases to advance. Wc obtain the 
time required to make this approach by counting the 
number of frames involved in the complete act. 

^The entnerns used !n this experiment were first limed (2.S) and 
then oarcfully Adjusted to give equal speeds of oper.aiion. Kadi 
camera runs for 40 seconds before it is rcwouiul, 'I'hc rcdiiciinii of 
speed per second during this interval fnr the first caiTura is exactly 
one frame while the reduction of speed for the second camera fnr 
the same interval is .9 of n frame. A retiming of one of these 
cameras e-ltct years of laboratory use .shows that it has lost 
nothing in Us initial speed and smoothness of operation. 
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The record of the second camera serves as a check 
against the above film and enables us to route fairly ac- 
curately the vertical profile of the hand on the ap- 
proach. This record also shows, among other things, 
the amount of forward head and body displacement as 
the infant advances upon and prehends the cube. 

In analyzing our material we used four forms which 
outline in detail our four-way attacks in studying the 
motion-picture film (see footnote 2, page 132). Form 
1 is a squared paper with the items of investigation 
listed at the left margin. The duration of a situation 
(20 seconds) is presented in spatial terms on the ab- 
scissa, the distance between each successive ordinate 
having the value of one second. By lines and signs on 
the abscissa we denote the time of the initiation of any 
of the several behavior reactions indicated at the left, 
its duration and its end, so that the completed graph 
delineates the activities of an infant for a given situa- 
tion. At the bottom of Form 1 are two figures which 
are drawn to scale to represent the table top ; on these 
are plotted the route of the hand in reaching for the 
cube and the range of movement of both hands. 

Form 2 details numerous items of the mechanics of 
prehension which are involved in reaching for, grasp- 
ing, and manipulating' the cube, Forms 3 and 4 repre- 
sent a more detailed inquiry into specific aspects of the 
approach and manner of lifting the cube from the table. 

Genetically, there are in this study three principal 
forms of behavior which command our particular in- 
terest: {a) the nature of visual attention (regard) of 
infants, (i) the manner in which infants reach for 
(approach) the object, and (t) the manner in Avhich in- 
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fants grasp. Then wc investigate the relation between 
regard and grasp, and the influence of the form of ap- 
proach upon the type of grasp. Besides these inquiries, 
we note the duration and the order of regard for ob- 
jects about the infant, the number of attempts to reach 
the cube, the number of failures and successes in these 
attempts, changes in the direction of the approach dur- 
ing the advance upon the cube, the rate of the advance, 
the stages in the approach, the vertical profile and 
height of the hand during the approach, hand-rotation, 
amount of time required to seize the cube, the actual 
grasping- time, the number of hand adjustments re- 
quired to grasp the cube firmly, the amount of cube dis- 
placement before it is gripped, the effect of the pres- 
ence of additional cubes upon the Infant’s behavior to 
the cube presented, and many specific reactions of de- 
velopmental importance. 

In order to better comprehend the behavior reac- 
tions of the infants in the three different cube situations 
and to facilitate our study of the data secured from 
the analysis of the motion film, we combine the results 
obtained by means of the four forms into the numerous 
tables and graphs which we present forthwith.^ 

*Thc Yftlt Psycho-Clinic will keep on file and make aviiiiablc to 
specif Investigntors the more complicntcd tabular data which it lias 
..hot been possible to print in this monograph. These data include 
detailed mtiterinl on the tollowing general topics: mctliod of anal- 
ysis 6f tnotion-picturc films, nature of regard, regard for cube and 
ei^licit renetloiiB to it, the approach, vertical profile of approach, 
method pf , lifting and disposing of aibc, aim of the forearm niid 
nitn of the' hand during approach, touching and gm^pinK, ndditignal 
facts concerning grasp, and specific infant activity. 
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EXPERIMENTAL RESULTS 

After careful consideration, we find that the median 
is,, with few exceptions, best representative of the cen- 
tral tendency for the various functions presented in the 
tables and graphs, because in many of the groups, par- 
ticularly the younger age groups, one or two measures 
of extreme value distort the average so that it is en- 
tirely unrepresentative of the group scores, Plence, in 
reviewing the tables and graphs, unless otherwise speci- 
fied, the median forms the basis for comparison be- 
tween the several age groups, 

Nature of Regard 

Briefly, the records of the 16-weeks infants show that, 
in general, a short regard for the cube at the start of 
the situation is usually followed by a second short re- 
gard after the cube is moved to the near position. 
There are exceptions to this rule, of course. The Initial 
regard at 20 weeks is usually of longer duration than 
the first regard of the 16-wecks group, and the 20- 
weeks infants are likely to regard the cube again, at 
least once and sometimes oftener, but these regards 
occur at irregular intervals during the situation. At 
24 weeks there is generally a more prolonged first re- 
gard for the cube and greater perseveration of visual 
attention than at 20 weeks. At 28 weeks the first regard 
is of longer duration than at any other age. In six of 
thvrtecvt cases the first regard lasted throughovtt the en- 
tire situation. Perseveration of regard is shown in the 
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fact that in the remaining seven cases the regard al- 
ways returned to the cube. At 32 weeks there U al- 
ways the first regard which begins at the initiation of 
the situation. The duration of this regard varies 
greatly within the group, and there is considerable fall- 
ing off in perseveration and total amount of regard. At 
36 weeks there is again a cunsidcrable variation in the 
duration of the first regard with an increase in per- 
severation and total regard. At 40 weeks the duration 
of the first regard is considerably less, on the average, 
than that of the 36-\veeks group, although the standard 
deviation is high. At 52 weeks the initial regard is 
even shorter than at 40 weeks and the variation within 
the group much smaller. 

The first graph of Figure 3 presents the median of 
each age group for the duration of the total regard, 
the average duration of regard, and the duration of the 
first regard for the first cube. The total regard for the 
eight age groups increases quite steadily from 4.S sec- 
onds at 16 weeks to 18.0 seconds at 28 weeks, after which 
there is a sharp fall in the curve to 10.0 seconds at 32 
weeks, followed by an increase to 14.0 seconds at 36 
weeks, and a general decline from this point to 10.75 
seconds at 52 weeks. The increase in total regard 
shown for the first four age groups is very likely what 
one might expect. At 16 weeks there is less regard for 
the cube than there is for the hand and table top and 
other objects about the infant (Table 4). At 20 weeks 
there is greater regard for the cube, in fact, almost as 
much as there is for all other objects togctlicr. At 24 
weeks the cube assumes major interest for the infants 
and at 28 weeks its interest is practically all-consuming. 
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FIGURE 3 

Medians op thb Total Duration of the First Rroard, tub 
Duration of the Total Regard, and the Average Dura- 
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FIGURE 3 (cottUuueJ) 

Medians op tub Totai. Duration of tub First Rbqard, tub 
Duration op tub Total Rboard, and tub Avhbach Dura- 
tion OF TfiR Individual Rhoariwi for Each ok tub 
Tiirub CuBita FOR Each Age Group 

Totnl regard • 

AvtfTKP! diimtlon — ~ ■ — — 

First regard 

An finalysis of other dam aids us in the intcrpretnlion 
of these results. Naturally, one expects the tUiration 
of regard for the 16-wceks infant to be less than 
that of the 24"'wceks infant, and so on. Wc find, 
however, that no 16-wceks infant grasps the cube. 
In fact, there are only three contacts and no pursuits 
(table showing these facts is not given), while at 20 
Veeks there are five contacts with the cube and three 
ipurspits after contact, which result in three repe- 
titional contacts and one grasp. At 24 weeks there 
are six contacts followed by six rcpetitional contacts, 
five grasps, and one primitive squeeze; Avhilc at 28 
weeks there are eleven contacts with eleven rcpetitional 
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contacts and twelve grasps out of thirteen attempts. 
There are other items also which aid in the explanation 
of the increase of the duration of the regard with ad- 
vance in age. At 16 weeks the regard is always for the 
cube, which is seldom touched and never grasped — an 
unattainable object. At 20 weeks the regard is for the 
cube, which is touched but five times and grasped but 
once, so that the regard again is generally for the un- 
attainable object. At 24 weeks only five of thirteen 
infants secure the cube (the time up to grasping being 
11 seconds) so that the regard is still principally for 
the unattainable object. However, of the five infants 
who secure the cube, the median duration of regard 
preceding grasp is 9 seconds, while the median dura- 
tion of the regard for the grasped cube is 8 seconds. 
At 28 weeks, 6.25 seconds (median) are required to 
grasp the cube, and every infant uses this entire time 
in regarding the cube before obtaining it. These in- 
fants also regard the cube for 6.5 seconds after securing 
it. Thus we find an additional item of regard for the 
24- and 28-weeks infants, namely, inspection of the cube 
following grasp, a more intimate form of regard which 
brings the visual, cutaneous, and kinaesthetic senses to 
play upon the cube. The 28-weeks age is the high point 
for visual attention with respect to both the free cube 
and the cube in hand. 

An investigation into the data of Tables 18 (see Su- 
perior-palni) and 19 (see Actual grasp-time for 28 and 
32 weeks) partly explains the cause for the sharp de- 
cline in total regard time and in average duration of re- 
gard from 28 weeks to 32 weeks. At both 28 weeks and 
at 32 weeks the predominating type of grasp is the su- 
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perior-palm grasp. With the thumb and forefinger be- 
coming prominent at 28 weeks, the infant undoubtedly 
feels the urge for using these members of the hand in 
grasping. He slowly and awkwardly accompJislics this 
type of grasp, which is entering the picture for the first 
time. The actual time required to grasp the cube at this 
age Is 20.5 frames, i.c., 1.28 seconds, and the lime which 
elapses between the beginning of tlic situation and the 
point at which grasp begins is over 6 seconds. At 32 
weeks this type of grasp is pretty well mastered and is 
performed with celerity, for the actual time required 
to grasp the cube is 9 frames, i.c., a trifle over one-half 
second, while the time elapsing between the beginning 
of the situation and the moment nt which grasp starts 
is 3,0 seconds- Now, for both these age groups the re- 
gard for the cube up to the time of procuring it is of 
practically equal duration, but having seized the cube, 
at 28 weeks, the infanta continue to inspect the cube 
for over 6 seconds, while the 32-week8 Infants inspect 
it for only 2 seconds. Therefore, there is a dual cause 
for tills sharp decline in the curve from 28 weeks to 32 
weeks, First, the older age group secures the cube in 
less time than docs the younger age group, thereby 
shortening the regard for this period; and, secondly, 
the older age group ceases its inspection of the cube 
sooner than docs the younger age group. At 36 weeks 
the curve for total regard takes a rather abrupt upward 
trend, The infants of this age group use the inferior- 
forefinger grasp as the main type of grasp, a distinct ad- 
vance over the superior-palm grasp. However, the in- 
fant requires more time to get ready for this grasp (4 
seconds) and at the same time the actual grasping time 
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is greater than that of the preceding age group. The 
regard before grasping for this group is 4 seconds and 
the regard after grasping is 3 seconds. Undoubtedly, 
the position of the cube against the finger-tips intro- 
duces new elements in grasping which result in regard- 
ing the cube for a longer time after it is held. The 
gradual decline in the curve from 36 to 40 weeks oc- 
curs because the predominating type of grasp for the 
40-weeks group, which is the same as that of the 36- 
weeks group, is accomplished earlier in the situation 
and is performed with greater ease and in a shorter 
time than it is carried out in the case of the 36-weeks 
group. For example, the duration of the regards be- 
fore and after grasping are, for the 40-weeks group, 
only 3 seconds and 2 seconds, respectively. At 52 weeks 
there are two leading types of grasp, the inferior-fore- 
finger and the forefinger, the differences between which 
are positional rather than fundamental (see pages 218- 
219). In any case, the duration of the regard before 
grasping the cube, 2.75 seconds, and the regard after 
grasping, 1.5 seconds, is less for this age group than for 
any other group. The time up to the grasp is but a 
trifle greater than that of the 40-weeks group, while 
the actual time required to grasp the cube is only 5j^ 
frames, considerably less than one-half second. 

Table 1 shows the number of infants regarding the 
various objects in the three cube situations and the 
duration of their regard. The left half of the table 
gives the number of infants of the different age groups 
in the order in which they regard the objects. The 
three different cube situations are indicated across the 
top of the table above the vertical columns containing 
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the names of the objects. The figures in the extreme 
left column of the table signify the age group, the next 
column to the right (reading down) gives for each age 
group the order (1, 2, and 3) of the first three regards, 
and the figures in the remaining cells of the table indi- 
cate the number of infants who regard the different ob- 
jects at any one of the three regard periods above men- 
tioned. 

The right half of the table reads in the same man- 
ner as the left half except that the figures in the indi- 
vidual cells now indicate the total time in seconds that 
the infants regard the different objects during any one 
of the first three regard periods. For example, the 
first cell in the column labeled Cube in the left half of 
the table shows that in the first cube situation ten of 
the 16-weeks infants select the cube for the first object 
of regard, while the first cell in the right half of the 
table indicates the total number of seconds (37.0) that 
these infants looked at the cube during their first re- 
gard. 

We find an increase in the duration of the first re- 
gard for the cube up to 28 weeks, after which a decline 
occurs with the low point at 52 weeks (see Figure 3, 
and Table 1 under Duration of regard, first cube) . 
While the first regard is of greatest duration at 28 
weeks, its variability at this age is also highest; some of 
the infants regard the cube for very short intervals, 
while six of the group regard it steadily throughout 
the entire situation. 

Similarly, the average duration of the individual 
regards, as well as the standard deviation for these 
measures, is greatest for the 28-weeks group. 
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None of these figures are to be regarded ns true 
measures of the capacity of the infants of the various 
age groups to visually attend an object of the size of a 
cube; nevertheless, the figures arc significant, because, 
under the conditions of our experiment, they show the 
exact duration value of the. regard and its degree of 
variability and give some indication of what one may 
expect of infants under similar conditions. 

Regardless of how we view the measures in Tables 
1 and 4, and in spile of the high values of the standard 
deviation In most cases, the infants of the 28-wcek8 
group have the longest single regard and the highest 
total regard for the cube, while, in general, the 
more remote from this point arc the age groups, the 
greater is the decrease in regard. Of course, it is per- 
fectly plausible to believe that the infant regards the 
cube at different times for different reasons. He may 
regard it purely because it attracts the eye, perhaps by 
its color, or because the cube is something he wants. 
Then, after he procures the cube, his regard may be 
due to the tactile or kinacsthetic qualities which are 
involved in holding the cube, or because he can use it, 
or for other reasons. 

Perhaps we should attempt to explain why regard 
occurs as it does in this study. The increase in the dura- 
tion of regard may be due to; (/r) improved vision, 
(^)i increase in attentional capacity, (c) the presence of 
the unfarniUar object (lure of the unknown), {d) the 
stirnuladon afforded by touching the cube, greater 
intimacy due to grasp, (/) fundamental changes in tlie 
type of grasp. The decrease in the duration of the re- 
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gard may be due to; (tf) the ease of procuring the cube 
and (h) the infant’s growing familiarity with it. 

We are inclined to believe that the increase in re- 
gard from 16 to 20 weeks may be explained in terms 
of improved vision, increase in attentional capacity, the 
lure of the cube with which the infants are unfamiliar, 
and the added stimulation due to touching the cube. 
The regard of the 16-weeks infant for the cube as it 
lies on the table is not. in the least fortuitous, but 
whether he actually sees the cube as a cube or merely 
as the only interruption in the continuity of the un- 
broken homogeneous surface of the table top, is open 
to question. The regard, as it shifts about on the table, 
stops at the cube and lingers before it passes on. While 
we cannot be certain that there is an actual improve- 
ment in vision, our observations indicate that the 16- 
weeks infants stare at the cube while the 20-weeks in- 
fants actually regard it for longer intervals of time 
with more or less definite fixation. The records show 
that touching the cube in the effort to procure it does 
elicit further attempts to contact with it again: Of the 
three infants who contact with the cube, all three pur- 
sue and contact with it again, Preyer (4-S) states that 
his infant at 1 7 weeks grasps at objects far out of reach. 

While the superiority of the 24-weeks group over 
, the 20-weeks group is largely due to the added stimula- 
tion of touching the cube and grasping it, it is likely 
that there is some increase in attentional capacity favor- 
ing the 24-wceks group as well as some slight improve- 
ment in vision. Five infants of the 24-weeks group 
contact with the cube, and five grasp it. We also find 
that of the six infants who at first only touch the cube 
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all pursue it and arc successful in reaching it again. 
The five infants who grasp the cube inspect it for 
8.0 seconds (median) after grasping. The advantage 
in regard of the 28'\vcck8 group over the 24.weeks 
group is due, as far as wc can determine, to the fact that 
more infants touch and grasp the cube. Eleven in* 
fants, after touching the cube, continue to pursue it, 
and of these only one fails to retouch it. Twelve of the 
thirteen infants grasp the cube and follow this with 
6.5 seconds of immediate inspection. 

The decrease in the amount of regard from 28 to 32 
weeks is perhaps due in part to the fact that increased 
opportunity for inspecting the cube is overcome by 
familiarity with it and the case of procuring it. The in- 
crease in regard from 32 to 36 weeks is due to a funda- 
mental change in the type of grasp (sec pages 218-219) 
which increases the difficulty of obtaining the cube and 
thereby lengthens the duration of the regard before 
grasping. The steady decrease of regard from 36 to 
S2 weeks is due to greater facility in approaching and 
grasping, and perhaps to familiarity with the cube. 

Figure 3 presents graphically the median of each age 
group for the duration of the first regard, the duration 
of the total regard, and the average duration of the 
individual regards for the first cube, the second cube, 
and the third cube, respectively, An examination of 
the graph on the first cube shows the increase in the 
total regard duration from 16 to 28 weeks. The curve 
then declines sharply to 32 weeks, after which tlierc is 
some increase at 36 weeks, followed by a sligltt decline 
for the 40- and 52-weck8 groups. The curve of total re- 
gard duration for the second cube is almost identical in 



STUDY OF PRBHBNSION IN INFANTS H5 

form with that for the first cube. For the third cube, 
however, the curve for total regard duration rises from 
16 to 24 weeks and then declines somewhat to 32 weeks 
with a sharp rise to 36 weeks and a general falling-off 
from this point to 52 weeks. In general, then, the forms 
of the curves for the duration of total regard for the 
three cubes differ essentially only for the 28-weeks 
group for the third cube, for it is only for this cube that 
this group fails to regard the presented cube longer 
than any other group regards it. 

The curve for the median duration of the first regard 
for the first cube increases from the 16-weeks group to 
the 28-weeks group and, in general, declines for the 
remaining age groups. The curve for the first regard 
for the second cube is similar to the curve of the first 
regard for the first cube except that there is an increase 
in the amount of duration of the first regard at 40 
weeks. In the case of the third cube the curve of the 
first regard, in general, increases from 16 weeks to 36 
weeks and then declines for the remaining age groups. 
Thus, the 36- and the 40-weeks groups give a more pro- 
longed first regard for the third cube than do the re- 
maining groups, 

The curve for the average duration of individual re- 
gards for the first cube shows that the duration of these 
individual regards increases from 16 weeks to 28 weeks 
and then declines to 52 weeks. In the case of the sec- 
ond cube this curve increases from 16 weeks to 24 weeks 
and declines slightly for the remaining age groups with 
the exception of a slight rise at 40 weeks. In the third 
cube situation the average duration increases from 16 
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to 28 weeks and remains fairly constant except for a de- 
cline at 32 weeks. 

The total amourii of regard, then, for the third cube 
(Figure 3, Third cube) is less than that for the first or 
for the second cube for tire five lower age groups, but 
for the three higher age groups, i.c., 36, 40, and 52 
weeks, the amount of regard remains the sanw as for 
the first and second cubes. This decrease in regard on 
the part of the lower age groups is for the most part 
due to the presence of the other cubes, one held in each 
of the infant's hands, and perhaps somewhat to the fact 
that this cube is the third of three similnr objects pre- 
sented in succession to the infant. We liavc no proof 
with which to support these statements in the ease of the 
16-weeks group, but in the case of the 20-wccks group 
the regard goes readily to the cubes and to the hands 
which hold these cubes (see Table I). For example, 
we find that two of the infants, instead of looking first 
at the third cube when It is presented, look rather at 
the other cubes, that, in the case of four infants, the 
second regard is for the hands, and that this regard for 
the hands is the most important item from the point of 
view of duration for the second regard. The third re- 
gard, instead of going to the third cube is largely for 
tije first and second cubes. Again, in tlic third 
;cube situation the 2+-wcek8 group shows a definite 
tendency to regard the first and second cubes; two of 
the infants prefer them for the first regard for 12.0 
setjonds as compared with ten infants who prefer the 
third cube for a group total of 30.0 seconds. For the 
second regard, six infants prefer the first or second 
cubes (32 seconds), the largest item for the second re- 
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gard, and the third regard is also generously given for 
the first or second cube. The first and second cubes, 
to a great degree, continue to attract the regard at 28 
weeks and to a lesser extent at 32 weeks. At 36, 4-0, and 
52 weeks the infants regard the third cube about as 
long as they regard the first and second cubes when they 
were first presented; for, while at this age infants con- 
tinue to look at the cubes in the hand, their regard. for 
these cubes is of very short duration (Table 1 , Duration 
of regard, Third cube). The curve for the average 
duration of the regards follows pretty closely the curve 
of total duration of regard, except Avith a deviation at 
24 weeks, at which age the presence of the cubes in the 
hands interferes to shorten the periods of regard for 
the third cube. This same explanation goes for the dip 
in the curve for first regard at 24 weeks, which in other 
respects corresponds closely with the curve for total 
regard. 

In the first cube situation the 28'Weeks group gives 
the longest single regard ( 15.0 seconds median) for the 
cube. The 24-weeks group follows with 1 0.0 seconds, 
The remaining groups are on equal terms with the ex- 
ception of the 16-weeks group, whose longest single 
regard is but 3.25 seconds. In the second cube situa- 
tion the 24-weeks group and the 28-weeks group lead in 
longest single regard with 10.0 seconds and 9.5 seconds, 
respectively. For the remaining groups the situation 
is about as described for the first cube situation. Tn the 
third cube situation the groups arc closely bunched 
with respect to longest regard, with the exception of the 
16-wecks group who again rank lowest. 'Fhe standard 
deviation in all cases is fairly high. 
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Order of Rfxjard 

In the caie of certain age groups the first three re- 
gards for objects about the infant appear to follow a 
certain order (Table 1). Beyond the third regard 
there is no order in the sequence of objects attended 
for any group (table showing this fact U not given). 
For the first cube situation the objects which the infant 
may regard arc the cube, the infant's hands, the table 
top, the examiner, and the dome, which includes the 
light, screen, and other parts of the dome visible to the 
infant, For the second cube situation and for the third 
cube situation wc have an additional item, the other 
cube (s), meaning the cube (s) held in the infant's 
hands during the presentation of the second and the 
third cubes, respectively. 

If wc are to generalize, wc find that the Ib-wceks in- 
fants first regard the presented third cube, then regard 
the table top or their hands, and, thirdly, regard the 
cube again, or the examiner. Although we recognize 
the general scattering of regard, this conclusion holds 
roughly for all three situations, because infants at this 
age appear to be very slightly influenced by the presence 
of the additional cubes. 

Table 2 presents a summary of the objects of second 
and third regards for the several age groups in the first 
cube, the second cube, and the third cube situations. 
We omit the first regard, since it generally goes to the 
cube, The numerals in the first left-hand column indi- 
cate the age groups, Reading to the right, the three 
pairs of columns indicate the initials of the several ob- 
jects of second regard and of third regard for the first 
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TABLE 2 

Summary of Objects or Second and Third Regard for the 
Several Age Groups in the Three Cube Situations 
The letters C, D, E, Hj O, and T refer, respectively, to the cube, 
dome, examiner, hand, other cube, and table. When two or more 
items appear for an age group, the Icft-to-right order indicates their 
importance, 
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cube, second cube, and third cube, situations, respec- 
tively, The letters G, D, E, H, Oj and T refer, respec- 
tively, to the cube, dome, examiner, hand, other cube, 
and table. When two or more items appear for an 
age group in one column, the order left to right indi- 
cates their importance. 

The outstanding feature of the regard sequence for 
all age groups is that when the first regard is for the 
presented cube, in spite of where the second regard 
goes, the third regard is most certain to be for the cube. 
In other words, the third regard returns to the object 
of the first regard. In the first cube situation, except 
for the 16-weeks gfoup, the second regard is either for 
the examiner or for the dome. In the second cube sit- 
uation, excepting the 16-weeks and 20-weeks groups, 
the second regard is either for the dome or the cube 
placed in the hand, In the third cube situation, if wc 
except the two youngest groups, the second regard again 
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goes either lo the cubes in the hand or ui the dome. An 
interesting development is that tn both the second and 
third cube situations the cubes held in the hand lead 
in attracting the second regard (or practically all ex- 
cept the 52-\veeks group. At 52 weeks the dome leads 
by far in gaining the second regard. In contrast to 
the older groups, the 16- and 20-\vcck8 groups give 
much regard to the hands and the table top, They rub, 
scratch, and tap the table top with their fingers (see 
Table 22, also Tabic 4, Total regard duration). 
Preyer (46) says that infants from 17 weeks to 24 weeks 
are very attentive to their fingers. Up to 28 weeks the 
examiner finds difficulty in securing the infant's atten- 
tion, and it often happens that when she secures the 
regard for the cube which she is presenting, the regard 
goes immediately to a cube already held in the hand. 
This occurrence naturally disturbs the order of the suc- 
ceeding regards, for the evidence in 'I’ahle I shows that 
often the second regard, instead of the first, is for the 
presented cube. 

In a further analysis of specific infant behavior (sec 
footnote 2, page 132), wc have listed the objects of re- 
gard and the number of shifts in regard for these ob- 
jects. In arranging these age groups with respect to 
the fewest number of shifts in regard, we have for the 
first cube situation the following order: 28-wccks, 32- 
weeks, 24-wceks, 40-weck8, 36-\vccks, 16-wceks, 20- 
weekSj, and 52-weeks, The order for the second cube 
situation is 28:-wcck&, S2-wcck8, 32-wcek8, 24-\vcck8, 36- 
weeks, 20-wceks, 40-wecks, and 16-wccks, and the order 
for the third cube situation is 32-weck3, 16-weeks, 28- 
weeks, ZO-wceks, 40-wccks, 24-weeks, 52-wecks, and 36- 
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TABLE 3 

Numher of Regards Which Infants of the Several Age 
Groups Give to the Various Objects 


Age 

Ciihe 

OiKcr 

cubes 

Hanila 

TftMt 

Examiner 

Domi; 

Torn I no, 
regards for 
nil abjeeu 

16 

70 
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21 

30 

30 

23 
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20 

74 

20 

20 

16 

31 

27 

188 

24 

84 

30 

10 

9 

18 

24 

175 

23 

71 

27 


t 
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28 

135 

32 

69 

23 

1 


20 

36 

149 

36 

97 

43 



16 

40 

196 

40 

87 

33 

3 

3 

28 

34 

187 

52 

91 

11 


4 

19 

66 

191 


weeks. If we consider the three situations as a whole 
(Table 3), the order is 28-weeks, 32'Weeks, 24-weeks, 
16-weeks, 40-weeks, 52-weeks, 20-weeks, and 36-weeks. 
The actual figures show that the 28-weeks groups and 
the 32-weeks group shift their regard for objects about 
them considerably less than do the otlrer groups, and 
that the six other groups, the 36-weeks, the 52-weeks, 
the 20- weeks, the 40- weeks, the I6-wceks, and the 24- 
weeks groups, often shift their regard. 

Table 3 indicates the total number of regards infants 
of the several age groups give each object, The several 
age groups are indicated in the first left-hand column, 
and the number of regards of each of the several age 
groups for the cube, other cube, hands, table, examiner, 
and dome appear in the six columns under these above- 
mentioned items. The extreme right-hand coiumn in- 
dicates the total number of individual regards of each 
group for all objects. 

Total Reciawo 

In the first cube situation all groups are more con- 
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cerned witK the cube than with any other one object; 
the 28-weelcs group leads in this respect, the 24'Wcck8 
group ranks second, and the 36*, 40>, 20- , 52-, 32-, and 
16-wceka groups follow in order (Table 4). In the 
second cube situation the groups arrange themselves in 
practically the same order as above with respect to the 
amount of regard for the cube. In the case of the third 
cube, while there arc some shifts in this order of the 
groups, enough traces of the order remain so tliat the 
same arrangement of the age groups prevails with re- 
spect to the total duration of regard for all of the pre- 
sented cubes in the three situations. 

Tabic 4 shows titc total time of regard by the infants 
of the different age groups for each of the several ob- 
jects about them. The three situations arc indicated 
at the top of Table 4, and under each situation arc the 
columns of the objects within visual range of the in- 
fant, The age groups are in the extreme left column, 
while at the right of each age group arc four cells which, 
reading down, indicate the total regard in seconds, the 
median, the standard deviation, and the number of in- 
fants involved, respectively, in computing the regard 
for the several objects. For example, in the first cube 
situation the total regard for the cube is 83.5 seconds, 
the median of which is 4.75 seconds, with a standard 
deviation of 5.4 seconds for 12 infants who actually re- 
gard the cube. 

In all situations the 16- and 20-weck8 groups mani- 
fest considerable interest in the hands and in the table 
top, for which the 24-wcck8 group shows little interest, 
and the others show practically no interest at all. 

The two youngest groups again give more regard (or 
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jB than do the other groups, and, while the 40-wceks 
group look often ai E (see Table the individual re- 
gards for her are short. In passing, it is interesting to 
note that the 28-weeks group seldom regard B. 

The surroundings (dome) particularly attract the 
oldest group. They regard the dome twice as long and 
twice as often as any other group regards it. This 
growth in amount of regard for this object is perhaps 
due to an increase of interest in their surroundings and 
greater sensitivity to the things alwut them. The 24- 
weeks group give little regard to the dome. 

In the second and third situations the 24- and 28- 
weeks groups give more regard to the cubes held in the 
hands than do the other groups, while the S2-weeks in- 
fants scarcely notice these cubes. 

The presented cube, for all groups in each of the 
situations, is the greatest magnet for drawing the re- 
gard, The amount of regard given the other objects, 
however, varies for the different groups. Neither the 
l6-wecks group nor the 20-wcck8 group favors any par- 
ticular object, the 24-wcck8 group prefer the other 
cubes, the 28-wcek8, 32-wccks, 36-wccks, and 40-wcck9 
groups divide their preference between the other cubes 
; and the dome, while the infants of the 52-vvccks group 
clearly indicate their choice for the dome. 

The three graphs of Figure 4 show the tola) time in 
seconds which infants of each age group consume in re- 
garding (1) the cubes held in the hand, (2) the c.v- 
amlnet, and (3) the surroundings for the first cube sit- 
uation, the second cube situation, and the third cube 
situation, respectively, on the basis of 12 infants to each 
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Third Cube 



FIGURE 4 (nnfinu^d) 

Duiution op Rboaro por thb Cubes Hbu> in tub Hand, por 

THE ExAMIKER, and PDR THE SURAOUNDINOS IK EaCH OF 

THB Turhb Cube Situations 
(12 (nfiinu in each group} 

Cube in hand - — ■ 

Examiner “ — 

SurroundmE--"-*- 

group. The several age groups arc indicated on (he 
ordinates and the time is indicated on the abscissa ol 
the three graphs. 

The graph of the first cube situation in Figure 4 
shows that the regard for£ is not particularly outstand* 
ing at any age, but is greatest at 16 weeks. The regard 
for the surroundings assumes considerable importance 
for infants from 32 weeks to S2 weeks of age. In this 
situation there are no cubes in the infant's hands. 

The graph of the second cube situation, Figure 4, 
reveals that while the regard for the examiner is great’ 
est at 16 weeks none of the group regard her e.xlcnsivcly. 
The regard for the surroundings assumes considerable 
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importance at 52 weeks and, in general, is greater for 
the 32-weeks, the 36-weeks, and the 40-weeks groups 
than it is for the lower age groups. The cube in the 
hand commands a considerable amount of regard from 
28 weeks to 40 weeks, but at 52 weeks there is almost no 
regard for this cube. 

The graph of the third cube situation. Figure 4, 
shows that, with the exception of the lb-weeks group, 
the amount of regard for the examiner is slight, The 
52-weeks group regard the surroundings considerably, 
the 28-weeks and the 32-weeks groups also regard it to 
some extent, but the remaining age groups regard it 
only slightly. The cubes in the hand, to a very great 
extent, hold the regard of the 24-weeks group and, to 
a slightly less extent, the regard of the 36-, 28-, and 32- 
weeks group. The 16-weeks and the 52-week8 groups 
give little regard to the cubes in the hand. 

If one considers these three situations as a whole, one 
finds that the regard for the examiner does not assume 
importance for any of the age groups, and that, at 28 
weeks, infants scarcely regard the examiner. The re- 
gard for the surroundings is greatest for the four oldest 
age groups, and particularly so for the 52-weeks group. 
The 16-weeks and the 52-weeks groups give very little 
regard to the cubes held in the hand, but the 24- weeks, 
the 28-weeks, the 32-weeks, the 36-weeks, and the 40- 
weeks groups regard these cubes for a considerable 
time. 

The Regard for the Cube and the Explicit 
Reactions to It 

In order to facilitate the study of the overt reactions 
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to the cube and their relation to the infant’s regard for 
it we present the material in Table S. This table sum* 
marizes for each of the three situations and for the to- 
tal situation the number of times the infants of the 
several age groups regard the cube before they grasp 
it, the number of contacts with the cube, the number 
of grasps, the number of attempts to reach the cube, 
the number of failures to reach it, the duration in sec- 
onds of these failures, and the number of infants in 
each group who actually fail to touch the cube. The 
situations are listed in the first left-hand column, the 
numerals in the second column indicate the age groups, 
and the succeeding columns list the number of times 
that the several above-mentioned reactions occur for 
each age group. This table is based on the reactions of 
exactly 12 children for each group. 

A review of Table 5 reveals the following facts. In 
the hrstcubc situation the four older groups, ranging 
from 32 weeks to 52 weeks of age, give fewer regards 
to the cube before grasping it than do the four younger 
groups. Up to the age of 28 weeks, the number of 
grasps that infants make appears to increase with the 
age of the child. For example, there are no grasps at 
16 weeks, two at 20 weeks, six at 24 weeks, and so on. 
The four older groups make fewer attempts to reach 
the cube than do the younger groups. There seems to 
. be a contradiction of this point at 16 weeks, but when 
we realize that, for infants of this age, grasping the 
cube is quite out of the question and that all attempts 
to touch the cube arc likely to be futile, we realize to a 
certain extent the occasion for the relatively few at- 
tempts by these infants to reach for the cube. With 
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the exception, again, of the 16-weeks group, the num- 
ber of failures to touch the cube, with respect to the 
total number of attempts to reach it, decreases rather 
constantly with age. This decrease is particularly no- 
ticeable from the age of 20 weeks to 32 weeks. The 

TABLE 5 

Regard for Curb and Explicit Reactions to It 
(12 infants in each group) 


No« No. 


Situatioa 

Age 

Group 

No. 

regards 

to 

grflsp 

No. 

contneta 

No, 

gmsps 

attempts failuresDurntion 
to to of 

reach reach failures 

cube cube (see.) 

No. 

infanta 

actually 

fulling 


16 

27 

2 

0 

22 

20 

33.5 

8 

4J 

20 

27 

7 

2 

40 

33 

71.0 

13 


2+ 

32 

13 

6 

42 

24 

50.0 

11 

u 

28 

25 

7 

15 

37 

13 

21.5 

6 


32 

16 

2 

16 

22 

4 

2.0 

2 

£ 

36 

18 

10 

14 

29 

7 

9.0 

2 


40 

19 

6 

16 

22 

1 

0.5 

1 


52 

20 

0 

21 

24 

3 

8.5 

2 


16 

26 

1 

0 

12 

U 

18.5 

6 

j} 

20 

29 

10 

2 

39 

27 

60.5 

13 

9 

24 

30 

12 

B 

37 

18 

39.5 

12 


28 

24 

14 

7 

32 

11 

9.5 

6 


32 

23 

5 

12 

19 

4 

4.S 

1 

i 

36 

19 

11 

15 

29 

3 

5.0 

2 

\n 

40 

20 

12 

12 

29 

5 

S.O 

4 


52 

22 

4 

16 

21 

I 

1,0 

1 


16 

21 

0 

0 

15 

15 

28.5 

8 

U 

20 

18 

5 

1 

33 

27 

40.0 

10 

a 

24 

25 

12 

5 

24 

7 

6.0 

5 

o 

28 

25 

IS 

6 

34 

11 

15.0 

7 

1-1 

32 

23 

11 

4 

22 

7 

5.0 

3 

IH 

36 

29 

25 

14 

45 

6 

5.0 

5 


40 

29 

25 

7 

36 

5 

2,5 

4 


52 

28 

14 

8 

28 

6 

3.5 

4 


16 

74 

3 

0 

49 

46 

80.5 

22 


20 

74 

22 

5 

112 

87 

171,5 

36 


24 

87 

37 

19 

103 

49 

95.5 

28 


28 

74 

39 

28 

103 

35 

46.0 

19 

a 

32 

62 

IS 

32 

63 

IS 

il.S 
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36 

66 

46 

43 

103 

16 

19.0 

9 


40 

68 

43 

35 

87 

11 

8.0 

9 


52 

70 

IS 

45 

73 

10 

13.0 

7 



160 


GiE}rjmc ptvcimumv 


amouat of time consamed in th<^c failures and the 
number of infants actually failing to touch the cube 
also follow this general rule. 

In the second cube situation we find pfaciically the 
same conditions, with respect to the infants’ reactions 
to the cube, that hold in the case of the first cube situa- 
tion. 

The four older groups of infants regard the third 
cube oftener before they grasp it than they do the first 
cube. They moke as many, and occasionally more, at- 
tempts to reach the third cube, and there Is some irregu- 
larity in the order of the groups with respect to the 
number of failures to reach the cube, the time con- 
sumed in these failures, and the number of infants ac- 
tually failing, as compared with the similar reactions 
in the first cube situation. We pause here to rcficct 
that the third cube siniation is a unique one for infants, 
because the introduction of three cubes within a child’s 
range of prehension complicates the conditions so that 
his reactions to the presented cube in (his situation are 
likely to differ greatly from his reactions to the pres- 
entation of the first cube. In other words, it is likely 
that the child believes that “ 'two’ birds in the hand arc 
worth ‘one’ in the bush.” If vve consider the situations 
as a whole (Tabic 5), we find that the reactions of the 
several age groups closely parallel their reactions to the 
first cube; that is, as compared to the four younger age 
groups, the four older age groups regard the cube a 
slightly fewer number of times before tliey grasp it, the 
number of grasps increases gradually with age up to 
36 weeks, and, in general, the number of attempts to 
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reach the cube, the number of failures to touch it, the 
duration of these failures, and the number of infants 
actually failing, are less for the four older age groups 
than for the younger age groups. In other words, there 
is for the four older age groups rather a marked im- 
provement in the infant’s ability to reach and grasp the 
cube. 

Figure 5 shows the percentage of failures to touch the 
cube of the total number of attempts to reach it for each 
of the eight different age groups in the case of the first 
cube situation, and for all situations regarded as a whole, 



FIGURE 5 

Percentage of FAitUREs in All Ati'empts- to Reach tiie Code 


First Cube 
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The eight age groups are indicated by the ordinates 
of the graph and the percentage of failures is measured 
by the abscissa. This figure demonstrates clearly the 
improvement in the accuracy of reaching for the cube 
by the infants with increase in age. At 16 weeks prac* 
tically all infants fail in their efforts to touch the cube, 
and these failures become fewer and fewer until the 
infant is +0 weeks of age when the infants fail to touch 
the cube in only 12% of the total number of times they 
reach for it. This rule holds for the first cube and for 
all three cube situations when they arc considered as a 
whole. 

The Approach 

This paper presents three situations, the onc'cubc, the 
two-'cube, and the thrce>cube situations, and it is our 
purpose throughout to regard them as distinctly dif- 
ferent, one from another. There arc occasions, how- 
ever, upon which we may combine certain of the re- 
sults of the investigation of the three situations into 
one table or graph. It is our plan, therefore, in stutly- 
iilg how infants reach for objects, to present first the 
data of the first situation and then the data of all siiua- 
tlbns taken as a whole. 

We find it necessary to lay down certain premises in 
order tp obtain the measures which arc presented in 
Tables 6 and 7. For example, we determine the time 
up to the first approach by counting the number of 
rtiotion-picture frames from the moment that the child 
first fixates the cube, as it appears iu the examiner's 
hand, to the monvent that the child begins the approach 
movement by either hand. 
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Table 6 lists the age groups in order in the first left- 
hand column- The median, the standard deviation, 
and the number of infants in each group who actually 
approach the cube are listed in order in each age group 
in the 16 columns of the numerous forms of reactions 
which are itemized at the top of the table. In the 9 
columns on the right in the table which contain the 
data on the aim, form, and broad classification of the 
approach, we merely indicate the number of infants in 
each of the age groups who react in the manner indi- 
cated at the head of these columns. 

Table 7 contains data essentially similar to that which 
we find in Table 6 with the exception of the omission of 
the aim, form, and kind of approach. The figures in 
the several cells of the table opposite the age groups 
are the averages of the medians of the numerous forms 
of reactions listed at the top of the columns for the three 
cube situations and arc obtained from Table 6, and 
other tables not herein given. 

In Tables 6 and 7 the medians for the time to the 
first approach and the time to the best approach for 
the age groups give the actual time in seconds from 
the .beginning of the episode to the start of the ap- 
proach. The first approach is not always the best 
approach, especially for the younger age groups. The 
best approach is that advance by the hand upon the 
cube which carries the hand nearest to the cube, The 
older infant usually follows the approach with a grasp, 
other infants succeed in touching the cube, and the very 
youngest infants usually miss it entirely. The actual- 
approach time is given in terms of the number of 
frames of motion film (1/16 sec.) from the start of the 
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approach to the moment of contact with the cube or, in 
case of an incomplete approach, to the moment the ad- 
vance upon the cube ceases. The approach length is 
the shortest distance in inches, with reference to the tip 
of the forefinger, from the starting-point of the ap- 
proach to the stopping-point. The approach rate is 
the speed of the advance in seconds and is obtained by 
dividing the approach length by actual approach lime. 
The number of changes in direction is the number of 
lateral deviations of the hand during the approach. 
The amount of digression is obtained by drawing a 
straight line from the cube to the position of the fore- 
finger tip at the start of the approach and measuring 
the greatest distance of forefinger deviation left to right 
of this line during the approach. 

The maximum height is the greatest height above 
the table which the forefinger attains in the approach. 
Wc indicate the stage (see the four stages of approach, 
Table 8) at which the maximum height occurs. The 
distance from cube is the shortest distance from the 
cube to the forefinger at any point in the approach. 
The progress to the cube is the dilTcrcncc in inches, 
with reference to the forefinger tip, between the dis- 
tance from the cube at the start of the approach 
and the distance from the cube at the end of the ap- 
proach. Stage reached refers to the one of the four 
stages of the approach attained by the hand before 
the advance upon the cube ceases. The side camera 
gives us the elbovs^angle both at the start and at the cud 
of the approach and the forward trunk and head dis- 
placements. We obtained the figures for these items 
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by applying a protractor to the ground-glass image. 
The relation ol the line of the back of the infant to a 
perpendicular to the table lop gives the body displace- 
ment and the angle of the face (the forehead -lo-chin 
line] to this perpendicular gives the head displacement, 
Table 8 shows for each of the several age groups the 
manner (I) in which infants aim their forearm during 
the approach, (2) the form of the approach, and (3) 
whether they use one or two bands to reach the cube. 

TABLE 7 
Tub ArpROACH 

The ligpircs are the averageii of the roediniva for ihe three 
cube aitUAliona. 

Ait« Irt wfeeU 

f« m 3N U U U 52 

Time ter ArRi approach 3M Z*l US 1.9 2.1 2.1 

(ittC.) 

Time m beat approsth 4*7 6.S 4J l.S 2.5 3J 6.1 

(»cc.) 

Aefcaal Approach -lime 39.7 19,6 21.) 16.6 IM 17.1 12.0 

(Irames) 

A|)proach UnKlli l-S ).7 3.6 5.1* 5.6 $-2 S,4 5.2 

(Inchtft) 

, Approaeii rate 1.1 l.l 2.) 4.2 5.B 5.7 5.0 5.0 

(Inchea) 

No. chAttgei 111 dlrwllon 0*11 0-7 0*7 04 04 0*1 0-2 0-1 

Afbbvnt eC Ulflrtitlop 3,1 3.2 2,1 I.S 2.0 2.1 I S l.S 

, (liuihea) 

Waiiflfual beffihl ((nchtt) 1.9 2.7 Z5 2.2 5.0 2-9 2,9 2.1 

from cube 4.6 3.4 14 1.0 0,0 0-0 0.0 0.0 

, , (Inflhea) 

^rogreia IQ cube 0.7 2.4 5.3 4,9 5.1 4.S 4.2 4.4 

> ; ^^Inchea) 

Blbo^wf-anglc (cl^igrceO-- «1.7 90.0 130.0 100.0 lOO.O Rfi.O 95.0 lU.O 

itm 

Elbow-angle (degreei)— 100.0 127.0 l$l,0 UQ.Q 160.0 Hl.O 15«.0 156.0 
end 

Body dliplAccmemii 0.0 4.2 10.0 6.0 20.Q 17.5 19.1 lX.O 

Head dltpiaeemetiia ^ 254 27.5 27,1 ZM 29.1 304 30.0 26.0 
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TABLE 8 

Aim, Form, and Classification of Approach 

The figures refer to the number of infants displaying the behftvior 

indiented. 



Ifi 

20 

24 

Age In weeks 
28 32 

t6 

40 

52 

Aim of approach: 

At cube 

2 

10 

15 

14 

7 

8 

4 

8 

At side 

0 

0 

4 

S 

17 

18 

20 

17 

Guta in 

11 

23 

8 

a 

0 

1 

1 

I 

Form of approach; 

CirciiJtaus 

11 

27 

22 

13 

22 

12 

10 

7 

Straight 

1 

5 

3 

S 

2 

15 

15 

19 

Backhand 

3 

3 

3 

1 

0 

1 

0 

0 

Brood clQsaihcation 

Bilateral 

1 

a 

13 

7 

6 

5 

I 

4 

Partial-bllateriil 

2 

2 

2 

1 

0 

0 

0 

1 

Unilateral 

12 

20 

U 

20 

19 

22 

24 

21 


The age groups are listed across the top, and the re- 
maining cells of the table refer to the number of infants 
of each group. While the table includes all three sit- 
uations, it lists only those approaches in which the 
hand is empty. A number of infants are omitted un- 
der the jdim of approach because the exact aim was 
indeterminable. 

The aim of the approach is a significant item in in- 
fant growth (sec Tables 6 and 8) . The aim of the hand 
in very young infants can scarcely be determined, for 
the hand usually starts fronn any point on the table and 
swings out or in, or both out and in, but is certain to cut 
across the table top short of the cube. At a later age the 
aim is directed straight at the cube. The entire fore- 
arm and hand point at the cube, with the medius finger 
middlemost. Then, at a still later age, the forefinger 
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rakes the lead in the approach by aiming above the top 
of the cube or its ncar-laicrd face. 

We recognize three forms of approach, (a) the back- 
hand approach, in which the hand sweeps outward and 
forward toward the cube in cumlinear manner, with 
the ulnar edge of the hand leading, {b) the circuitous 
approach, in which the hand, in advancing, moves out- 
ward laterally during the first part of the approach, 
and inward toward the midlinc of the table during 
the latter part of the approach, thus describing 
an arc, and (r) the siraiffht approach, the cus- 
tomary form of an approach for the oldest in- 
fants. In this approach, the path of the forefinger, as 
seen from above, approximates a straight line. The 
backhand and circuitous approaches of young infants 
resolve into the straight approaches of the older in- 
fants by a gradual straightening (shortening) of the 
line of advance upon the cube. At 36 weeks and at 40 
weeks we find some excellent examples of immature 
straight forms of approach. The hands of some of 
these infants start straight for the cube but waver from 
left to right, or right to left, or in both directions, and 
have to be brought back into line with the cube; hence 
what starts as a straight approach becomes a sinuous 
a'pproach. Straightening the course of the approach 
illustcates the principle of economy in lime, space, and 
effort — the elimination of useless movements. 

The broad classi/i cation simply indicates whether the 
approach is entirely unilateral, wholly bilateral, or 
partially bilateral, wherein one hand advances to assist 
the other. 
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Table 6 shows that for all infants, except those of the 
16-week.s group, who in 11 instances attempt no ap- 
proach, there is an immediate prehensory reaction to 
the first cube. Some groups, 24-, 32-, 36-, and 52- 
weeks, start for the cube before it is placed in position. 
The first approach for the five older groups, which 
begins within two seconds of the start of the situation, 
is usually their best approach, but for the three younger 
groups the first approach, which starts at five seconds, 
two seconds, and one second for the 16-weeks, 20-weeks, 
and the 24-weeks groups, respectively, is seldom the 
best approach. The best approach at 16 weeks occurs 
at nine seconds, and the best approach at 20 weeks oc- 
curs at eleven seconds. Note the time to the first and 
to the best approach for these groups. There is little 
consistency in the gain in actual approach-time with 
advance in age, and the amount of deviation within the 
groups is considerable, except for three groups, as the 
S.D's indicate, The approach-time for all groups, 
with the exception of the 16- and 20-weeks infants, who 
have more incomplete approaches than have the other 
infants, ranges from 1.0 second to about 1.5 seconds (16 
frames to 27 frames). The short approaches by the 
16-weeks infants last for 1.25 seconds (21 frames), and 
the awkward reaching at 20 weeks continues for 3.0 
seconds (48 frames). Again we find a high variability 
within the individual groups. Watson (62) reports 
that reaching at 21 weeks (5 months) requires 3.0 sec- 
onds. 

We might have adopted the plan of starting all situa- 
tions by placing the infant’s hand at predetermined 
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poiftts on ihe table or ai his sides were wc certain that 
such demands on the infant would not interfere with 
or hamper his characteristic rcaciicm to the cube. 

The 28*wcek8 and 36-wceks groups extend the hands 
farther to get the cube than do the other groups, al- 
though the 32% 24-^ and 40« weeks groups arc closely 
bunched behind them {sqc Table 6). The length of 
the approach depends largely on the position of the 
hand relative to the cube nl the start of the approach. 
The 24-, 28*, 32% 36-, and 40-wcek8 groups start with 
their hands well back at the near edge of the table, 
while the S2-wcck8 group usually have their hands well 
out on the table. The infants of the latter group, of 
course, have the advantage of 12 weeks of growth over 
the next oldest group and have correspondingly longer 
bodies and arms. The I6> and 20-wccks groups seldom 
reach beyond the NM^ point on the tablc—lhc nearer 
position of the cube. As a matter of fact, 19 approaches 
at 16 weeks and 14 approaches at 20 wrecks fall short of 
the cube, With the exception of the 16*week9 infants, 
the length of the approach for all groups is from 3.0 
to 6.5 inches. The 32*wcek8 group excels in rate of 
approach, with the 40- and 36-wcck8 groups next in 
ofder. The 52-weck8 group ranks low in this respect, 
because (fl) their short approach precludes speed, (b) 
two of the infants complete their approach without vis- 
ual aid, which consequently retards their rate of movc- 
hient, and (c) they arc more deliberate about the place- 
ment of digits previous to grasp (see Table 17). Wc 
expect the low rate of movement for the three youngest 
age groups because of the very angular or very cir- 
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cuitous forms of approach displayed at this age. In- 
stead of giving the median for the number of changes 
in the direction of the approach, we present the range, 
although the standard deviation is derived from the 
mode. The results conform with what we expect to 
find in directness of approach. The approach of the 
20-weeks group is least direct, then follow in order the 
older age groups. The steady decrease in the standard 
deviations for the several groups confirms the fact that 
the older groups gradually improve the direction of 
advance upon the cube. The low state of activity to- 
ward the cube explains the small range exhibited by the 
16-weeks group. The amount of digression from a 
straight approach appears to decrease steadily with age 
with the exception of the slight increase at 36 weeks. 
The maximal height of the approach increases gradu- 
ally from 1.5 inches at 16 weeks to 3.5 inches at 28 
weeks and then diminishes to 2.0 Inches at 52 weeks. 
It is likely that measurements made with reference to 
some other point on the hand, other than the forefinger 
tip, will yield results different than those of our table. 

The stage in the approach at which maximal height 
occurs well illustrates an outstanding difference be- 
tween the types of approach by younger and older in- 
fants. Younger infants, in raising the hand for an 
approach, tend to lift the hand to the highest point 
immediately and frequently abduct the upper arm fair- 
ly high before they get well started forward, while 
older infants continue to elevate the hand on an acute 
angle with the table top until the hand is well out to- 
wai'd the cube. 
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We obtain the dhtance from the cube by measuring 
the distance from the SM. position minus one-half the 
width of the cube to the nearest point obtained by the 
forefinger; hence, some of the infants may secure the 
cube at'the N.M, position and still be remote from the 
cube in the SM. position. The results show that the 
16-wcck9 group and the 20-wcck8 group get no nearer 
the cube than +.5 inches and 4.0 inches, respectively, 
that the 24- weeks group are but l.O inch from the 
cube, and that all the remaining groups succeed in at 
least touching the cube. 

Progress to the cube depends largely on the distance 
of the hand from the cube at the start of the approach. 
The gain is to be accepted only as a general indication 
of the ability of the groups to reach the cube. The 
falling-off from the 32-wccks group to the S2-wecks 
group is due largely to the fact that the infants of these 
groups were closer to the cube at the initiation of the 
approach. 

We made reference above to the four stages in the 
complete approach, which later we shall discuss at 
length.. Suffice it to say that no J6-wceks infant accom- 
plishes a complete approach to the cubc,^ that most of 
the 20'Week3 infants are likely, sometime during the 
situation, to complete an approach, and that the re- 
maining groups usually complete the approach tn the 
cube. The 16-weeks infants start for the cube, but 
few of them succeed in diminishing the distance from 
-the hand to the cube by more than one-half. 

’The three infants of this age who (ouch the culie a(X(tiTi|rli«li (lie 
contact on a backhand sweep wliicli we regard hr (he first two stages 
of tho incompleted circuitous approach. 
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The only noteworthy feature of elbow-angle> as 
shown in Table 6, is the little change in elbow-angle 
of the 16- and 20-weeks infants at the start and end of 
the approach. The 16'Weeks and the 20-weeks infants 
seldom extend their arms fully in reaching, and the 
hand does not move freely at the end of a guiding 
forearm. The degree of flexibility of the arm appears 
to correspond closely with gain in independence of 
forefinger and thumb. We attempted to rate infants 
with respect to wrist and elbow flexibility, noting par- 
ticularly the ease with which they approached and re- 
trieved the cube, but decided that our knowledge of the 
age of the infants prejudiced the results. However, 
there can be no doubt that wrist and elbow flexibility 
increase steadily with age. 

We do not take too seriously the figures on body dis- 
placement, although the fact is that older infants do 
lean farther forward in reaching than do younger ones. 
We recall that the younger ones in this experiment are 
placed in a Morris chair with a belt about them, and, 
while the belt is not too tight, it probably does inter- 
fere slightly with leaning. The extent to which in- 
fants incline their hands in reaching carries with it no 
age significance, the younger infants lower their heads 
about as far as do the older ones. The difference be- 
tween the two younger age groups and the other groups 
lies in the fact that the former incline only the head 
during the approach, while the latter incline both body 
and head as a unit. At all ages, when one hand reaches 
for the cube, the infant’s body usually leans slightly 
toward the opposite side. 
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The figures on the aim of the approach (Table 6) 
disclose some interesting facts. At 16 and 20 weeks, one 
cannot always determine the exact aim of the approach, 
for the hand cuts in short of the cube in a sweeping 
motion in which the intention is to corral tlic cube 
toward the chest. At 24 and at 28 weeks the approach 
shows the forearm and hand pointing pavv-Iike directly 
at the cube with the midfingcr above the center of the 
cube. Three of the 20-wecks group direct their aim 
in this manner. At 32 weeks there is an abrupt change 
in the aim of the approach. The infants now so direct 
the approach toward or above the near- lateral surface 
of the cube that the forefinger will pass diagonally over 
the cube on a line with its near vertical edge. This ap- 
proach favors the placement of the first two fingers on 
the far face of the cube in opposition to the thumb on 
the rvear face. The .36-, 4Q-, and ‘i2'\vceks groups direct 
their approach similar to that t>f the 32-wccks group. 

Of the three forms of approach, the circuitous is the 
most common form, the backhand appears infre- 
quently, and the straight Is the ultimate form of ap- 
proach (sec Figures I and 2). However, there arc a 
number of approaches which begin as backliniul and 
later resolve themselves into either the circuitous or 
the straight approach and arc, therefore, classified un- 
der the latter categories. The 16-, 20-, 24-, 2H-, and 
32-wceks groups use the circuitous form tsf approach al- 
most entirely. The 36-, 40-, and S2’'wecks groups use 
largely the straight approaeh- 

Figiire 6 shows the route of the forefinger (H) of a 
20-wccks infant, (/f) of a 28-vvccks infant, (6’) of a 36- 
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weeks infant, and (Z?) of a 52-weeks infant in reaching 
for a cube. These routes are plotted from the indi- 
vidual frames of the motion picture from which the 
four stages of the approach which are shown in Figures 
1 and 2 are taken. The four overhead views show the 
middle part of the table top, drawn to scale. In each 





FIGURE 6 
Forms of Approach 

A. Route of tlic foicfingcr of a 20-\vccks infant. H. Route of 
the forefinger of a 28-wccks infant C. Route of the forefinger of 
a 36'Wccks infant. D. Route of the forefinger of a 52-wceks infant. 
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view the top horizontal line represents the table edge 
which is nearest the infant and the remaining horizon- 
tal and vertical lines represent the lines on the table lop, 
The angular line with the arrow-head (View A) indi- 
cates that the 2()'wccks infant makes an angular cir- 
cuitous approach. The curved line of View B shows 
that the route of the approach by the 2H-\vcck8 infant 
is very circuitous. The slightly curved line of View C 
shows that the route of the approach of the .^6-\vceks in- 
fant is only slightly circuitous, and the straight line of 
View D, with the slight crook at its origin, shows that 
the route of the approach of the S2-wcdks infant is 
straight. The arrowheads indicate the direction in 
which the hand moves on the approach. 

The arm and hand movements of young infants (16 
and 20 weeks) consist largely of in-and-out lateral 
sweeps above nr on the table, in which the shoulder 
serves largely as the source of action with very little 
elbow flexion or extension f62) to change its course or 
range of action, and with the hands e.xhibiting little of 
the independence of action so characteristic of the older 
infant. These rather angular zigzag movements (Fig- 
ures lA and 6A) of this age have genetic significance, 
for they round out into the very circuitous movcmciUs 
(Figures IB and 6B) which characterize the corralling 
approach of the 24-weeks infant in whom shoulder ac- 
• Hon still strongly predominates. The latter form of 
approach U a typical corralling motunt by which the 
infant draws the cube toward him on the table before 
he succeeds in gripping it. As the age of Infanls in- 
creases, this very circuitous approach then becomes less 
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corralling in nature and more like directed reaching 
until, at 32 weeks, the route of the approach is only 
slightly circuitous as in Figures 2A and 6C. In the 
last stage of its development the circuitous approach 
straightens out, as demonstrated in Figures 2B and 6D. 

View A of Figure 6, which gives the route of the ap- 
proach by the left hand of a 20-weeks infant, shows 
that this hand begins its approach to the cube from the 
midline of the table. The hand then sweeps out later- 
ally on a slight curve until it reaches a point five inches 
to the left of the midline, and then sweeps back toward 
the midline, and finally comes to a rest at a point ad- 
jacent to the starting position. If we consider this ap- 
proach in connection with the angular circuitous slide 
approach of Figure lA, which is another representa- 
tion of the same approach, we find that in the first stage 
of the approach the infant rotates his hand on the table 
slightly outward as he starts for the cube which is held 
in the examiner's hand. The infant then rotates his 
hand to a palm-in position as he sweeps it to the left to 
its extreme lateral position where it remains for 5.0 
seconds in the second stage of the approach. The in- 
fant now slowly pronates the hand and begins to sweep 
it inward on the table (see third stage of approach) 
until the hand completes its approach three inches short 
of the cube (see fourth stage), when the regard shifts 
from the cube to the hand. This approach began be- 
fore the cube was placed at the N.M. position and re- 
quired fully 7.0 seconds for its completion. The sJiift 
of regard from the cube to the hand is typical ot infants 
of this age. 
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A considcraiicm of View U, Figure 6, in connection 
with the very circuitous loop approach of Figure IB 
(the same approach), shows that in the first stage the 
infant raises bis left haml three inches to free it from 
the table, after wliich he mitves the lianti out to the left 
and at the same lime extends it forward where we find 
it in the second stage. The infant then continues to pro* 
ject the hand forward in curvilinear manner and also 
sweeps it medianward in a corralling type of motion, 
illustrated in the third stage, until, in the last part of 
the approach, the hand is slightly retracted as it sweeps 
above the cube. In this approach the infant fully ex- 
tends the elbow as the band sweeps t»ui to its extreme 
lateral position in the second stage and readily flexes 
as the hand continues its approaclt. The right hand 
moves inward toward the median line in a corralling 
manner simuliancoiisly with the inward sweep of the 
left hand. 

A comparison of the two forms of approach illus- 
trated in Figure 1 demonstrates clearly that flexibility 
of elbow is greater for the 28-vvecks infant than for 
the 20-weeks infant. 

If we combine View C of Figure 6 with the slightly 
circuitous planing approach of Figure 2A (another 
representation of the approach shoxvn in View C), we 
find that this infant of 40 tvccks first raises liis right 
hand from the table edge while he frees the elbow 
from the trunk (see first stage «)f approach). He then 
projects the hand quickly forward in a sligliily curved 
line as he raises the hand higher with a simultiuieous 
lateral movement of the elbow, .an action whiel^ tends 
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to point the forefinger in the direction of the cube (see 
second stage of approach). At this point the hand is 
tilted slightly upward, but as the infant continues the 
approach he begins to lower the hand, to tilt it down- 
ward, and to carry it medianward so that the first two 
fingers point directly above the top of the cube, as in 
the second stage. During this action the forearm is 
carried medianward. During the last part of the ap- 
proach the infant continues to lower the hand until 
the first two fingers so pass over the cube that the thumb 
may be brought against the near surface of the cube. 

A consideration of View D of Figure 6, in con- 
nection with the straight planing approach of Figure 
2B, two views of the same approach, shows that this 
52-wecks infant, after an initial orientation, thrusts the 
hand in a straight line for the cube. The infant raises 
his elbow from his side and his hand from the table in 
such a manner that his forefinger is at once pointed 
above the cube. The infant quickly accelerates the 
advance as he continues to raise the hand and tilt it 
slightly upward until he reaches the second stage. He 
then continues the advance without any loss of speed, 
and gradually tilts the hand horizontally, as in the 
third stage. Finally he tilts the hand slightly down- 
ward so that the forefinger passes immediately above 
the upper surface of the cube to bring the thumb 
against the near surface. 

Very young infants usually carry objects immediately 
to the mouth, while older ones manipulate and finger 
the cube (see Tabic 21 under lioJ!i hands, Puts down, 
Picks up, and Fingers enbe, also Table 22 in columns 
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Matches cubes and Exchanges ciifttr). The high scnsU 
tivlty of the lips undoubtedly influences the early hand- 
to-mouth activity, because the lips not only serve in 
the acquisition of food by sucking but also assist in the 
gaining of impressions of form, size, and other tactile 
data. Witli the older infants it is likely that as visual 
acuity and sensitivity of the finger-tips increase, the 
hand-to-mouth reactions weaken gradually, because of 
the failure of the lips to add further to impressions ob- 
tained by the digits and eyes. We believe that this dif- 
ference in the reactions to objects by the younger and 
older infants accounts in part for the difference in the 
forms of approach of infants. The corralling or scoop- 
ing approach of the young infant is but the first act 
in drawing the object In toward the mouth, while the 
more direct reaching of the older infants indicates that 
the object will be fully appreciated by hand manipula- 
tion. 

It is not always easy to distinguish the straight ap- 
proach from the slightly circuitous approach. We 
classify as slightly circuitous those approaches in which 
the forefinger fails to point definitely at the cube 
throughout the approach but swings out slightly later- 
ally during the first or second stage of reaching. We 
classify as straight the approaches in which the fore- 
finger points at the cube throughout the course of the 
approach. 

The 16- and 20-vveeks groups use principally the uni- 
lateral approach. One hand rests on the table as 
though partly to support the body, which for these twr 
groups Saga laterally, while the other hand advances 
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upon the cube. At these ages there is little coordina- 
tion of the two hands such as we find at 28, 32, and 36 
weeks, where the cube is readily shifted by the infants 
from one hand to the other (see Table 22, Exchanges 
cube). The 24-, 28-, and 32-weeks groups manifest 
rather strong bilateral tendencies in reaching and 
grasping. For these groups the second hand often ac- 
companies the approach-hand to render assistance in 
corralling or in grasping the cube. At 36 weeks we 
find the unilateral approach again predominating, and 
at 40 and 52 weeks it is practically the only form of 
approach used. 

An examination of Table 7 reveals that the four older 
groups of children, ranging from 32 weeks to 52 weeks, 
react more quickly to the presented cubes of the three 
situations, not only with respect to the time they first 
reach for the cube, but also with respect to the time 
of the best approach and the time required to complete 
the approach. There is one outstanding exception to 
this statement, and that is the time (6.1 seconds) to the 
best approach for the S2-wecks group. The slow reac- 
tions to the second and third cubes accounts for this 
high figure, because the time to the best approach in 
the first cube situation is only 1 .5 seconds (see Table 6) . 
The slow reactions to the second and third cubes is 
due, in part at least, to the infants' deliberateness in 
reaching for the cube, because they already hold one 
or two cubes. 

Table 7 also shows that infants from 16 weeks to 24 
weeks reach less than four inches to secure the cubes, 
while infants from 28 weeks to 52 weeks reach more 
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than five inches. 'Fhe speed al which infants reach for 
all cubes {approach rate) increases gradually with age 
up to 32 weeks, after which the speed remains fairly 
constant. The number of corrections (number changes 
tn direefion) which infants make in reaching for the 
cube decreases in range ilircctly with increase in age 
from 16 weeks to 52 weeks, aiul the amount of digres- 
sion from the line representing a straight approach de- 
creases somewhat irregularly frtim 20 weeks to 52 
weeks. The maximum height of approach (with the 
exception of the Ifi-wccks group whtt do not complete 
the approaches) is least for (he 52*wccks group, who 
resort principally to the planing type of reaching. The 
distance from the hand to the cube at the completion 
of the approach is greatest at 16 weeks (4.6 inches) and 
decreases rapidly to zero ai "St weeks. All infants from 
32 weeks to S2 w'ceks of age reach the cube. The prog- 
ress toward the cube during the approach increases 
from 16 weeks to 28 weeks and then remains fairly con- 
stant for the older age groups. There is no uniformity 
as to the amount of elbow extension whicli infants of 
the several age groups display at the start of the ap- 
proach, but the amount of elbow extension at the end 
of the approach increases from 16 weeks to 28 weeks 
and then remains constant for the remaining age 
groups. This gain in extension of (he elbow with in- 
crease in age is some indication of the greater flexibility 
of this joint in infants of 28 weeks and over. There is 
very little forward trunk displacement in infants rang- 
ing from 16 to 28 weeks, who arc belted into their 
chairs, but infants from 32 to 52 weeks lean forward 
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about 20“ from the vertical in reaching for the cube. 
Forward head displacement is practically the same for 
all groups. 

The figures under Aim of approach (Table 8) re- 
veal, as docs Table 6, (n) that most of the infants of 
the 16'Weeks and 20-wecks groups, several of the 24- 
weeks group, and very few of the 28-wecks group cut 
in short of the cube, {b) that, while a number of infants 
of each of the groups aim directly at the cube, this type 
of aiming is most characteristic of the 24-weeks and 28- 
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Pi-RcnNTACE OF ArpROAciiRs (dy tiie Emi’ty Hand Only) in 
Which the Forkarm Aims at thk Cube, at run Side or 
THU Cuiiii, AND Short or Tiir Cunr (Cuts in) 
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types of aims for iiicrcast' in age of the infiiiUs, 
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weeks infants, and (c) that, in general, the number of 
infants who aim at the side of the cube increases with 
the age of the infants. 

Figure 7 shows relatively to what extent the several 
age groups resort to “cutting in,” aiming fully at the 
cube and aiming at the side of the cube, by the forearm 
in reaching for the cube. The graph also shows the rela- 
tive amount of losses and gains in the types of aims for 
increase in age of the infants. The age groups arc in- 
dicated on the eight ordinates and the amount of the 
three types of aims used are shown in percentages on 
the abscissa of the graph. The graph includes ap- 
proaches by the empty hand only. 

Figure 7 illustrates the changes in the manner in 
which infants direct their forearms in reaching. Note 
the rapid decline in the cufs-i/i curve from 16 weeks 
to 32 weeks, the rise and subsequent decline of the nf 
curve from 16 weeks to 32 weeks, and, finally, the 
rise of the af sUe curve from 20 weeks to 32 weeks. In 
conclusion, then, we may sny that “cutting in" ap- 
proaches predominate at 16 weeks and 20 weeks, that 
aiming “at the cube” appears oftenest at 24 weeks and 
28 weeks, and that aiming “at the side” of the cube pre- 
vails over other forms of directing the forearm on the 
approach at 32 weeks, 36 weeks, 40 weeks, and 52 
weeks. 

The backhand approach (Table 8), which is usu- 
ally only the first two stages of an incomplcicd cir- 
cuitous approach, occurs generally, though infre- 
quently, at 16 weeks, 20 weeks, and 24 weeks. 'I'hc 
curve of the backhand approach shows that this ft>rm 
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of reaching at no age assumes any importance in pre- 
hension. 

The Vertical Proeile of the Approach 

When one views laterally the reaching reactions of 
infants as they raise their hands, one notices that the 
route described by the hand of the older infant differs 
in profile from the route of the approach of the younger 
infant. The height to which infants raise their hands, 
as compared to their actual forward thrust in reach- 
ing, is greater for the younger infants than for the 
older infants. In addition, the younger infants raise, 
project, and lower the hand in a manner which shows 
that the path of the hand is an arc of small diameter, 
while the older infants project the hand forward to- 
ward the cube on a broad low arc which just skims the 
top surface of the cube. We call the arched approach 
of the younger infants a “loop,” and the flat arc ap- 
proach of the older infants Spinning.*’ In the latter 
case the hand "planes” in much the same manner in 
which an aeroplane moves when it "takes off,” soars, 
and "lands.” 

For the 20-vveeks and 24- weeks groups the acts of 
reaching, such as raising the hand, projecting it for- 
ward, and lowering it, appear almost as individual acts 
of a series of movements. At 40 weeks and 52 weeks, 
infants incorporate these three acts into a single fluent 
thrust. The rate at which the younger infants approach 
the cube is much slower than the rate at which the 
older infants reach for the cube {sec Table 7, /Jpproach 
rate). The yoimgcr infant appears to raise his hand 
and then direct its course toward the cube, while the 
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older infant, in raising his hand, sinmltancnusly directs 
its course toward the cube. s»» that there is little loss 
in time or space. The completion tif the loop is charac- 
terized by a sort of pawing nr corralling motion so 
that the hand, instead of advancing forward, is pulled 
back as it nears the table top. Hence the loop ap- 
proach, when It is successful, usually results in drawing 
in the cube for an inch or two before it is firmly grasped. 
At r)ie end of the planing appmach the hand no longer 
has the pawing characteristic but soars over the cube 
and is still moving forward as it settles upon the cube. 

Naturally, infanta do not always raise the hand from 
the table in reaching for objects, hence, when they slide 
their hand along the table lop, we call this type of ap- 
proach a “slide.” Often an infant starts out with one 
type of approach and finishes with a different type. 
For this reason we find it necessary to introduce the 
loop-slide, and the slide-plane, and the loop-plane. 

The loop-slide approach, which is usually quite 
marked at 24 weeks and at 28 weeks, is a combination 
of the loop and the slide. In this approach the infant 
usually misjudges the distance or the direction of the 
cube. The loop often occurs first, and, if the hand falls 
short of the cube upon being lowered to tlic table, the 
infant pushes the hand along the table top tij complete 
the approach. It sometimes happens that this form of 
approach starts as a slide and ends as a loop. 

The plane-slide approach difTcrs from tiu: loop- 
slide approach only in that the short planing move- 
ment occurs in place of the loop. The plane-loop ap- 
proach closely resembles the pinning approach Init dif- 
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fers from it in that the hand is either raised too high 
or the approach ends with a pawing movement. 

Table 9, indicates the number of each of these six 
profile types of approaches that occur for each age 
group. The loop approach occurs oftencst at 16 and at 
20 weeks, frequently at 24 weeks, 28 weeks, and 32 
weeks, infrequently at 36 weeks, and rarely occurs at 
40 weeks and 52 weeks. The slide approach occurs 
frequently from 16 weeks to 32 weeks and very infre- 
quently for the older age groups. At 24, 28, and 32 
weeks we find that a slow transformation occurs in the 
vertical profiles. The mixed forms of approach, such 
as the loop-slide, appear in great numbers, and plane- 
loop and planing approaches begin to appear, all of 
which indicates a step forward in development. At 
these ages one may, however, expect any form of ap- 
proach. At 36 weeks all approaches, with the excep- 
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tion of the planing type, drop out. The planing ap- 
proach does not make its appearance to any extent un- 
til 28 weeks and then the number of these approaches 
increases rapidly after 32 weeks. The slide-plane and 
the loop-plane are in reality planing approaches, and 
if we add the number of approncltcs of these types to 
the planing approaches for each age group, we find that 
the total number of planing approaches which each 
group utilizes increases gradually from I at 20 weeks, 
to 34 at 52 weeks. The inop-slides make their appear- 
ance at 20, 24, 28, and 32 weeks. 

We may summarize, then, by saying (n) that the 
loop and the slide approaches constitute the two com- 
mon types of approaches of the younger age groups, 
viz., 16 weeks to 28 weeks, (/>) that the planing ap- 
proach is the typical reaching reaction of the older in- 
fants, viz., the 36-, 40-, and 52-wcek8 groups, and (c) 
that the change in the type of approach from lt)op or 
slide to the planing approach occurs between 28 and 
36 weeks. In this connection we note that at 32 weeks 
the total number of loop and slide approaches is 22 and 
that the total number of planing approaches is 10. 

THltMB-DmiiCTtOX 

The manner in which infants hold their thumbs is an 
interesting study. The thumbs of very young infants 
either hang (point) clown or curl under the palm of 
the hand on the approach, while the thumbs of the older 
infants usually point In toward the median plane of the 
infant or down-in. In other words, the thumb id the 
young infant appears to exercise but a passive role in 
approach, while the thumb of the older infant takes 
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a very active part in the approach by way of setting 
itself to contact with the near surface of the cube so 
that the thumb may exercise real opposition to the fin- 
gers in gripping the cube. 

We have therefore listed in Table 10, the number 
of times infants of the several age groups hold their 
thumbs Joivn, down-in, or in during a large part of 
the approach. According to this table, the 16- and 20- 
weeks infants almost invariably hold their thumbs 
down during the approach (see Figure lA), Of the 
24- and the 28-weeks groups, half of the infants hold 
their thumbs down and half hold their thumbs down- 
in. Of the older age groups, 32-wcck8 to S2-weeks, 
half of the infants hold their thumbs pointed in and 
the other half hold their thumbs pointed down-in (see 
Figures 2A and 2B). An interesting exception to this 
last statement occurs at 40 weeks when seven infants 
have their thumbs pointing down. However, upon ex- 
amining the records, \vc find after all that in six of 
these seven cases the infants held a cube in the ap- 
proach hand, so that they were not free to approach the 
cube in the manner which they employ in reaching for 
the first cube. 

It sometimes happens that infants change the direc- 
tion of their thumb-pointing at the completion of the 
approach. In other words, the thumb may be point- 
ing down during most of the approach and then sud- 
denly pivot inward preparatory to contacting with the 
cube; or the lluimh may be pointing inward during 
most of the approach and then pivot in a down-in direc- 
tion at the moment of contact. Inasmuch .as we regard 
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ihe manner in which an infant his thumb during 
the approach as highly indicative of the type of grasp 
which foflows contact, we have constructed Tabic 1 1, 
to show just how the thumb points at the nionicnt of 
contact {f\Hal ilunub-antjle) regardless of its position 
during the greater part of the approacli. 

Table 1 1 shows that the final thumb-angle for tbe 
20- and 24-wccks infants is usually down, although 
there arc a number of cases where the thumb is down- 
in and cv'cn in. At 28 weeks one-third of the thumb- 
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angles arc down, one-third arc down-in, and one third 
are in. From 32 weeks to S2 weeks most of the thumb- 
angles arc in. The data on final thumb-angle agree 
fairly closely with the data on thumb-direction (see 
Table 10). 

The direction of the thumb is an index to the posi- 
tion in which the infant holds his forefinger. For ex- 
ample, when the thumb is down, the forefinger points 
down; when the thumb points in, the forefinger is 
usually turned in. The direction of the angle formed 
by the thumb and forefinger, then, is as much of an in- 
dex to the kind of grasp which follows the approach 
as is the thumb-direction itself. 

A comparison of types of ffeaspiiic/ (Table 18) with 
the final fhnmb-nnyle (Tabic 11) shows (a) that at 20 
weeks and at 24 weeks the final thumb-angle is pre- 
dominatingly down and that the cube is usually grasped 
firmly in the midillc of the palm, {b) that at 28 weeks 
and at 32 weeks, \vhen the final thumb-angle is under- 
going a change in direction from down toward in, the 
outstanding type of grasp is the lowest form of grip 
which favors thumb-opposition, and (rt) that at 36 
weeks, 40 weeks, and 52 weeks, wherein the final thumb- 
angle is usually in or down-in, the higher types of 
grasp, forefinger types, prevail. 

ril'KJIIT OF AJ’I'UOACII 

Table 12 gives the average of the ma.vimal heights 
of the approach, ihe siamlard deviation, and the luim- 
hev of approaches for each of die eight age groups with 
the forefinger-lip as die point of reference. In ob- 
taining this table we include only thiKse approaches 
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wherein the hand is raised from the table and the fore- 
finger is plainly visible throughout the entire route, 
because our purpose is to discover just what relation 
exists between loop and planing approaches and 
whether or not the height of the hand in reaching is a 
function of age. 

We know that 16- and 20-wccks infants make but 
short advances toward the cube (sec Table 7 under 
Dhlanct from cube ) ; therefore, their respective heights 
of approach, 3.3 and 3.7 inches, arc out of proportion 
to their lengths. At 24 and at 28 weeks the approach 
reaches its maximal height, 3.8 and 3.9 inches, respec- 
tively, but these advances arc for the full distance with 
the cube in the S.M, position. The height decreases 
slightly at 32 weeks to 3.6 inches, and then drops to 3.2 
inches at 36 weeks, 2.4 inches at 40 weeks, and 2.1 inches 
at 52 weeks. In other words, the four youngest age 
groups raise their hands relatively high for their some- 
what uncertain approaches, the 32- and 36-\vceks 
groups give indications of slicing off (he lop of this 
high loop in their profiles, and the 40- and 52-\vecks 
groups straighten the height of tlie approach to a mini- 
mal level, any lowering of which would not permit (he 
hand to clear the onc-iiich cube. 
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AojusTMi'NT Stages in Approach 

The relation of the hand to the forearm is unique, 
In earliest infancy the arm dominates the hand to a 
great extent and detennincs its directional movement 
and its position, There comes a time, however, wlicn 
the hand begins to assert itself and finally to take the 
lead in all prehensile activity. For example, in early 
infancy the hand is not a specialized organ. The move- 
ments of the forearm determine where it shall move and 
where it shall be placed, and it merely grasps rcflex- 
ively any object with which the palm contacts. Many 
errors in direction and position of the hand appear, and 
all prehensory functions are crudely performed. Later, 
as the forefinger and thumb assume leadership over the 
other digits, so that the hand no longer has its paw-like 
activity, errors in prehensile direction and distance are 
reduced to a minimum. This shift in functional con- 
trol ill prehension leads us to make a study of hand- 
direction and of forcarm-tlircction. 

A still-by-still analysis of the successive frames of the 
frontal and lateral motion pictures of infant approach 
compared with the frames seen in motion discloses 
four adjustment stages in the patterns of approach. 
These stages arc well defined in all of the circuitous 
forms of approach hut are also distinguishable in the 
more mature straight approaches (sec Figures I A, 111, 
2A, anti 2H). The four stages are: {«) The initial 
adjustment tn the cube, iluriiig which the infant sets 
his hand or hands ami begins the approach. In many 
instances in the four youngest groups, “selling” takes 
the form of pointing at or towurti the cube, anti he may 
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or may nut raise the hand. In the four older groups 
the hand takes off in the direction of the cube without 
any definite pointing, or rises with just a slight ad- 
vance toward the cube, (h) The accelerated advance, 
in which the hand increases its speed of niuvcmcnt in 
the direction of forward, outw.ard, or inward, with its 
actual destination still obscure. At this stage, especially 
in the circuitous form of approach, tm one c,in safely 
predict the ultimate goal of the hand, (r) The align- 
ment phase, in which the infant aims his hand mure 
directly at the cube (lines up with it), a stage which in 
the circuitous form of approach often means a consider- 
able change in its direction. (t() The culminating ap- 
proach, in wdiich the infant sets his hand for the cube 
both as to aim and disposition of the digits and palm. 
The retardation in speed of approach usually occur# 
between the third and the fourth stages, or at the fourth 
stage, 

I'igurcs lA, IB, 2A, and 2H illustrate the stages in 
the approach for the following forms f»f reaching: the 
angular circuitous slide approach, the very circuitous 
loop approach, the slightly circuitous planing ap- 
proach, and the straight planing approach. \Vc obtain 
the photographs which arc typical of these four stages 
by enlargement of individual frames of the motion 
film. 

'The (int/iilar ctrcuUoits slide afipronch of the 20- and 
24-vvceks infants (Figure I A) shows that in this case the 
reaching for the cube starts before it is actually placed 
in position. The approach in its fourth stage shows 
how the hand cuts in short of the cube wiihoui touch- 
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ing it. The approach is angular in that the hand sweeps 
out laterally and then sweeps in to about the same po- 
sition from which it started, so that, while the path of 
the forefinger in moving out and in describes curved 
lines, an acute angle in the path appears between the 
second and third stages of the approach, In the second 
stage wc have a good illustration of what looks like 
thumb-opposition, although we know now that the 
thumb held in this manner seldom exercises opposition 
in the case of grasping the cube. The hand during the 
approach is paw-like in its advance. All fingers remain 
together so that no one digit leads in pointing at the 
cube. There is little, if any, body rotation or shoulder 
extension in this form of approach, 

The very circuilotis loop approach (Figure IB), 
which usually occurs at 24, 28, and 32 weeks, is com- 
pleted without any halt in its advance. The hand is 
raised and is on its way out to the side and slightly for- 
ward, where wc find it in the second stage. In the third 
stage the hand has moved forward and in toward the 
midline, and in the fourth stage the hand is directly 
above the presented cube ready to seize it. Note that 
the thumb in the third stage of the approach is pointing 
in, which is the typical position at this age for secur- 
ing a grasp involving thumb-opposition. We note in 
the first stage that the hand is raised almost directly up 
to a considerable height above the table top in the man- 
ner of a loop profile. In the fourth stage it is quite evi- 
dent that the hand will take the cube cither with a palm 
grasp or a superior palm grasp because the entire hand 
is being brought down upon the cube so that the palm 
may contact with it. 
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The slightly circuitous planing approach is the typi- 
cal reaching reaction of the 40-wcek8 infanta. la the 
illustrated case (Figure 2A), the first stage shows the 
right hand as it is rising from the table edge. In the 
second stage the hand has moved considerably forward 
ns well as upward. In the third stage the hand is plan- 
ing down toward the cube, and in the fourth stage two 
fingers are just over and beyond the cube and set for a 
forefinger grasp. Throughout the approach the infant 
directs the index and medius fingers so that they wilJ 
pass immediately above the cube. We call this fore- 
finger-pointing. The thumb points inward-downward 
so that on reaching the cube this digit will contact with 
the cube at its near face. 

The S2’vvccks infant uses the straight planing ap- 
proach (Figure 2B). The height of this approach is 
not as great as the height of the slightly circuitous plan- 
ing approach, although the hand planes down in the 
same manner as it did in the latter approach. The fore- 
finger leads in directing the approach and the thumb 
points inward until the fourth stage, when its direction 
is inward -downward. The hand carries out a better 
planing motion and describes a straighler line in reach- 
ing at S2 weeks than at 40 weeks. A comparison of 
these illustrated forms of approach shows that body ro- 
tation and forward shoulder extension become increas- 
ingly greater as one passes from the earlier to the later 
forms of approach. 

I-lAND-Tii/r Duuinu Avmucii 

The tilt of the hand during the approach may have 
little significance, but we find that from 16 to 24 weeks, 
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where the hand is raised from the tabic for the ap- 
proach, there is a tendency for the palm and fingers to 
hang slightly down at least during some stage in the 
approach. This tendency disappears at 28 weeks. Be- 
tween the ages of 1 6 to 24 weeks the tilt of the hand 
varies greatly during the progress of the approach. 
For instance, up to 24 weeks the tilt of the hand may 
vary at any stage of the approach from tilting down to 
tilting up, while from 28 weeks to 52 weeks the hand is 
either held horizontally or tilted slightly upward at 
the finger-tips, fn studying hand-tilt, we use only those 
cases wherein the infant raised the hand from the table 
on the approach to the cube. The number of cases 
available, wherein a fairly nccurnic determination of 
hand-lilt can be obtained, varies for the several age 
groups (sec Tabic 1.1). Although there arc imclassi- 
fiablc approaches, as far as hand-tilt is concerned, there 
are, nevertheless, three distinguishable forms. The 
first form is where the hand and fingers, upon being 
raised, hang down or point down at a sharp angle and 
as the hand is thrust forwani the fingers and hand fin- 
ally attain a horizontal position. This form occurs in- 
frequently at 16 weeks and at 20 weeks. The second 
form, which occurs uniformly at all ages, is where the 
hand and fingers parallel the table top during the en- 
tire course of the approach. Tn the third form of ap- 
proach the hand starts horizontally, then tilts so that 
the fingers point up during the first half of the ap- 
proach. 'I'lie hand then returns to the horizontal or 
tilts slightly downwanl during the scciimi part of the 
approach, The latter form occurs at all agc.s, except 
at 16 weeks, and is most common at 52 weeks. 
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Aim of Approach 

Wc offer ihe rollDwing j^cncral statement to charac- 
terize the hand activity in general during the approach. 
At 16 weeks ilic fingers generally curl d«nvn or hang 
down, although occasionally they may he found fully 
extended. However, they arc seldom pointed upward, 
At 20 weeks the hand is generally stiffly projected in 
line with the forearm with very little wrist action. At 
both 16 and 20 weeks the upper limb of the infant be- 
haves less like a forearm and hand than it does like a 
foreleg and paw of an animal. As a matter of fact, 
the arched approaches that wc find at these ages arc 
really nothing but modifications of pawing and scratch- 
ing movements. At 2+ weeks the hand is as yet not 
very independent of the forearm. The latter appar- 
ently determines the direction of the ff>rmer on the 
approach, as is the ease at 16 and at 20 weeks. Often at 
these ages the fingers point down during the approach in 
a manner characteristic of the scooping- or corralling- 
approach action. At 2ft weeks wc find indications of 
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the hand divorcing itself from forearm control. The 
aim for the cube is better directed, there is less variation 
in hand-tilt during the approach, and there is greater 
steadiness in hand control. The infant is now begin- 
ning to point to the cube with the first two fingers in- 
stead of with the forearm and hand. The records show 
that 28 weeks is the critical age in prehensile advance, 
for, not only is the infant beginning to aim differently 
at the cube, but he is also altering the vertical profile of 
the approach (Table 9) . The planing approach makes 
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its appenrance for the first time with some consistency 
(Figure 8), and the large number of combinations of 
the loop-slide and planing forma (Tabic 9) indicate 
the presence of maturalional forces favoring the use of 
the planing type of approach. 

Figure 8 shows (in percentages) the relative amount 
of straight, circuitous, and backhand approaches em- 
ployed by the eight different age groups and the gains 
and losses in the relative number of these forms of ap- 
proach by the successive age groups. The percentage 
of infants who employ a given form of an approach arc 
indicated by the absciss! and the age groups are denoted 
by the eight ordinates. The graph includes approaches 
by empty hands only. 

At 32 weeks there is, in general, good directional 
control during the approach (sec Table 22, in columns 
Poor dircc/ion, Over-reac/iej, and Under-refic/ies) . 
There are still a number of combinational forms of die 
approach (Table 9) , and there is a remarkable advance 
in the method of pointing, favoring tlic thumb and fore- 
finger (Tables 14 and IS). At 36 weeks the planing 
approach predominates, although there is a scattering 
of other forms. The forefinger and thumb dominate 
both approach and grasp. Practically all the aim- 
ing is done with the forefinger and thumb and there is 
more flexibility in the digits in general. The finger- 
tips have practically replaced the palm in grip- 
ping (Table 18), and they appear to be functioning as 
much for informatory purposes as for grijiping pur- 
poses. At 40 weeks there is practically only one form 
of approach, and that is the planing type (Tabic 9), 
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in which the directional control is excellent. Aiming 
is done with forefinger and thumb. There can be no 
doubt that the neuro-musculature of arm, hand, and 
digits has attained practically an adult value. The re- 
fined form of grasp and superior type of manipulation 
of the cube indicate that the finger-tips are serving not 
only to grip but to sense the object. At 52 weeks we 
have a still greater refinement of all the processes of 
approaches and grasp described at 40 weeks. 

Aim of Forearm 

In view of the above facts we present separately the 
results of our study of the aim of the forearm and the 
results of a similar study of the aim of the hand during 
the course of the approach. Table 14 shows the aim 
of the forearm (elbow to wrist) at the last stage of the 
approach. For young infants, the hand forms practi- 
cally a straight line with the forearm and moves with 
it somewhat like the disk on the end of a pendulum, al- 
though a certain amount of hand-rotation does occur. 
In older infants the wrist demonstrates greater flexibil- 
ity ; for movements of flexion, extension, adduction, and 
abduction occur with increasingly greater frequency. 

Table 14 shows that only the younger infants of 20, 
24, and 28 weeks point their forearms toward the medial 
side of the cube during the last stage of the approach. 
This direction of pointing corresponds with the cutting- 
in approaches at this age (see page 184). There are 
only two exceptions to this rule, one at 36 and one at 
40 weeks. Pointing directly at the cube or above it is 
very common at 20, 24, and 28 weeks and quite common 
from 32 weeks to 52 weeks. Pointing at or above the 
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FrEQUENCV op OcclRRl'iSCK IN EaCII Agr GroVP op TJIB 
Variol'S Ai.ms or tub Forrabm at tup Eno of Approach 
Alediau tide refers lo twiniioK at ««»ine rtosiiinn Krivs-n’o ilie cube 
and tile mfant's trunk, .it rwfie refers ur point ing clirctTly at the 
cube or above it. ,il tidr of eubt Mpnifirs pnintinjtt at tlir near lateral 
side of tlie cube. 


Aar wrrVfc 

Aims q \ fprcdrrti 20 2^ 32 3^ 52 

Me<(isin Mt 4 5 2 1 I 0 

Ai culm 5 ^ U 7 0 (!t U 

At side of cuUc I 4 9 M 17 IS 


near lateral side ol the cube increases from 20 weeks up 
to 32 weeks, and is the common form of pointing the 
forearm from 32 weeks to 52 weeks. 

A study of some of our detailed daia^ reveals that 
for the 20, 24-, 28, and 32 weeks groups (if we follow 
the highest figures for each stage of the approach) the 
forearm, regardless of its direction in the first stage, rC' 
mains our, or is swung out to point past the lateral side 
of the cube for the second and third stages. The fore- 
arm is then drawn in to point at the cube or its near side 
in the fourth stage. This outstanding action is the typi- 
cal forearm movements for the circuuous approach. 
From 36 weeks to 52 weeks, inclusively, the forearm 
does not customarily swing out laterally, but "lines up" 
directly with the cube or its near lateral side ant! then 
planes straight toward the cube in the manner typical 
of the straight approach. 

Aim of Hand 

Aim of hand signifies the aim of llie thumb-antl- 


*Scc fooinoic 2, page 1.12. 
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TABLE 15 

I’RnQOBNClY OF OCCURRENCB IN EaCU AgB GrOUI* OF THE 
Various Aims of the Hand at the End of Approach 
Down siRoirics thnt the thumb and furclingcr arc pointing vertically 
clown, Domn-iu signines pointing partly down and partly median- 
ward, In signilics that the thumb and linger arc pointed horizon- 
tally inward on the table with the hand practically pronated, Jt 
signifies the same as In and Down-in with the exception that now tlie 
cube is within that portion of the table which subtends the thurnb- 
forefinger angle. 


Aims of liaiiil 

20 

24 

28 

Age in weeka 
32 

36 

40 

S2 

Down 

10 

12 

8 

1 

0 

0 

0 

I)o\vn«in 

0 

2 

8 

2 

0 

1 

0 

In 

1 

1 

2 

5 

8 

3 

2 

At 

1 

3 

7 

16 

18 

21 

2+ 


forefinger angle. Table 15 shows that the younger age 
groups, 20- and 24-vvccks, aim the hand do-wn at the 
final stage of approach, so that the palm may settle di- 
rectly on the cube in grasping. Aiming the hand down- 
in prevails only at 28 •weeks. Pointing in by the hand 
toward the infant's median plane prevails to a slight 
extent at ail ages and signifies that the hand stopped 
short of the cube at the end of the approach. When 
approaches of this type terminate successfully the hand 
points at the cube. The number of times that infants 
point at the cube increases with the age of the infants, 
from 1 time at 20 weeks to 24 times at 52 weeks. There- 
fore, we may say that the younger infants usually point 
the hand down at the end of the approach, so that the 
cube may be grasped with the hand directly above the 
cube, and that the older infants point the hand in (at) 
at the end of the approach, so that the three digits on 
the radial side of the hand may function most promi- 
nently in grasping the cube. 
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Our data”' indicate that the aim of the hand is pre- 
dominatingly dov>n during the entire progress of the 
approach for the three youngest age grovJps (16 weeks 
to 24 weeks). At 28 weeks, the aim, usually down for 
the first half of the approach, may he down, down'in, 
or ai during the latter part of the approach. At 32 
weeks and at 36 weeks the aim is usually in at first and 
then of. At 40 weeks and at 52 weeks, the aim, which 
is in or (il at first, is at during the hnnl stage of the ap- 
proach. 

If we combine the pointing of the forearm with the 
pointing of the hand (Tables 14 and IS), we discover 
that for the 16-, 20*, and 24-wcck8 groups the cir- 
cuitous approach occurs with the hand pointing down, 
so that grasping, if it takes place, finds titc entire hand 
covering the upper face of the cube, n condition which 
usually results ia a fulhpalm grip (sec Table 18). 
The circuitous approach of the 28 -weeks infant 
is followed by a full-palm grip or a radial-palm grip, 
for at this age the final aim of the forearm may be 
either at the cube or at its side, At 32 weeks the con- 
clusion of the circuitous approach finds the forearm 
oftenest directed at the side of the cube with the hand 
aimed nt the cube, so that the grasp has to be a radial- 
palm grip or forefinger-thumb grip. The circuitous 
and straight approaches of the 36-, 40-, and 52-wecks 
infants can lead only to a type of grasp which involves 
principally the first two digits, It is necessary to ex- 
plain, in the case of the five older age groups, how it 
happens that an infant whose forearm is directed 


“See footnote 2 , page 132. 
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Straight at the cube can have the hand pointing in at 
the cube. We have already mentioned that the hand 
of the 16-, 20-, and 24-weeks infants appears to lie in 
the same straight line with the forearm. For the older 
children, however, the hand is often adducted outward 
at the wrist so that the fingers are directed out some- 
what laterally as well as forward. This change in the 
direction of the hand is enough to place the thumb-fore- 
finger angle almost in a direct line with the forearm; 
hence, while under ordinary conditions the forearm is 
pointed at the side of the cube for a forefinger-thumb 
grip, under the conditions just described it is easy to 
see that the same form of grasp may occur when the 
arm is pointed directly at the cube. 

The initial position of the hand, while it does not 
determine the nature of the approach, may exert a cer- 
tain influence on its route. If the hand points diag- 
onally in on the table, the infant either sweeps his hand 
out toward the cube on a wide backhand movement, or 
he withdraws the hand to the table edge to point at the 
cube before he reaches for it. If the hand points diag- 
onally out, the infant sweeps it in on a wide arc toward 
the cube or he draws the hand in toward him, orienting 
it to point at the cube preliminary to the approach, If 
the hand points straight ahead, no preliminary adjust- 
ment of the hand occurs, although occasionally we note 
that it is raised and poised for just a moment. 

Hand- Rotation on Approach 

One observes that when infants reach for objects, 
the approach-hand sometimes rotates from supination 
to pronation, or from semi-pronation to full pronation 
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TABI,E 16 

Frequencv op OeoiTRRENCE IN Fvacji Anf. fiRoup OF Hand- 
Rotation on ApmoAcii 


Untiil'rDUimn 

Approach liantl; 

Vronaiu »hrr>uRhw>i 
Se/ithprojlnu (^rou^hniU 
Swc^pn. in: iialm^in lo pron:iic 
Sweeps owl And in: pronaie 
10 painvin to privnaie 
Sweeps out: pronale to palmMn 
Sweeps in: pronaic lo palnt^o 
Sweeps uui rttu) in: palm-in 
to pr^Qoaic 10 palm-in 
Sivccps out: pfllm-in to pronaie 
Other hand: 

No rolAlion 
Roiaics in 
tloiatei out 


A«i? in ivrcks 
Uy 20 2i 2% U 36 $2 Total 


« U 14 8 si 7 0 7 7S 

0 1 I 3 P I 2 1 M 

1 2 5 in 11 U 7 n 63 

t 1 4 i 2 3 2 16 

0 0 I n I >1 n 0 2 

0 3 3 I 2 3 2 4 IS 

n 4 n 2 I I <1 n s 

3 -I 2 a 0 0 1 1 1 1 

33 31 29 21 23 22 2S 2S 223 

0 7 2 9 3 9 5 10 

2 2 a 6 3 ^ 3 r 30 


or in reverse direction, and sonieiiincs no observable 
rotation occurs. The question arises then as to wheiber 
the younger infants difTcr from the older infants in the 
way they rotate their hands while reaching for objects. 
In conducting this investigation on the approach-hand 
we also noted the activities of the other hand. 

Table 16 attempts to indicate the synchronous be- 
havior of the two hands during the approach, when 
the approach hand is empty. The age groups arc iiuli- 
cated in the first column to the left, the types of move- 
ments of the approach-hand head the succeeding eight 
columns under the main heading, appronch-hand, and 
the three succeeding columns give the direction of the 
rotation of the other hand. The numerals in the cells 
under approach hand indicate the luiinbcr of infants 
of the several groups who move their approach hands 
in the manner indicated at the headings of the eight 
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columns. The numerals in the cells under Other hand 
indicate the number of times the hand which is not 
making the approach moves in the manner indicated at 
the headings of the three columns. 

The data of Table 16 show that, regardless of the 
shift in position in its advance toward the cube, the ap- 
proach hand for the three younger groups is generally 
pronated throughout. From 28 weeks to 52 weeks, 
however, the hand which sweeps in, on, or above the 
table, with the accompanying hand-rotation from palin- 
in to pronate, is more prominent than the hand which 
remains pronated throughout. (Rotation from palm- 
in to pronate includes any hand-rotation from supina- 
tion or palm-in to semi-pronation or complete prona- 
tion.) The pronated hand of the younger infant dif- 
fers from the pronated hand of the older Infant mainly 
in that for the former the thumb points down while for 
the latter it points in toward the midline. These data 
combined with the two commonest forms of approach, 
the circuitous and the straight (Table 8), enable us 
to contrast the approaches of the younger groups with 
the approaches of the older groups with respect to the 
activities of the other hand. For the 16-weeks groups, 
who usually complete but one-half of their circuitous 
approaches, the other hand seldom moves. From 20 
weeks to 40 weeks, the other hand, during a circuitous 
or slide approach, usually remains quietly throughout, 
otherwise it generally rotates inward from supination, 
palm-in, or semi-pronatioii in mimicry of the approach- 
hand. Occasionally, this hand moves in or out across 
the tabic, but it usually remains relatively fixed or ad- 
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Vfinccs slightly forward with the approach-hand. There 
is very little rotation by the second hand for the 52- 
wcclts group, but rotation, when it occurs, is usually 
from pronate toward supination and away from the 
cube. When cither hand is at the infant's mouth or 
at the near edge of the table above the mitHUic, it is 
usually palm-in* occasionally palm-up, but seldom 
pronated or semi-pronated. When the hand is Some 
distance out above the midlinc of the table it is usually 
semi-pronated and sometimes fully pronated. When 
the hand is aloft laterally, it is likely to he pronated or 
even palm-out. 

Touching and Gkasping 

Younger infants differ from older infants in the man- 
ner in which they reach for objects and also in the man' 
ncr in which they touch and grasp objects, 'When an 
infant of 20 or 24 weeks fails to grasp an object, it is 
because he misdirects titc hand or misjudges the dis- 
tance* When an infant of 40 or 52 weeks fails to grasp 
an object it is usually because he docs not desire the ob- 
ject or because he merely wishes to push it about, The 
manner in which infants grasp the cube, however, is 
perhaps not only the most interesting process in pre- 
hensory activity of the infant, but also the most indica- 
tive of infant development. For example, we find that 
up to 20 weeks of age, infants evidence so very little 
thumb activity in grasping, that grasps in which thumb- 
opposition occurs arc very rare. From 24 weeks to 32 
weeks, however, thumb activity increases so rapidly 
that practically all grasps by infants from 32 weeks 
to 52 weeks of age show active thumb-opposition, lie- 
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tween 20 weeks and 32 weeks we find about an equal 
number of cases of no thumb-opposition and thumb- 
opposition in grasping (Table 18). 

Table 17 records the number of contacts, the num- 
ber of pursuits, the number of pursuits after contact, the 
number of contacts following pursuit, and the number 
of grasps for the infants of the different age groups in 
the three situations of this investigation. 

We record a contact whenever any portion of an in- 
fant’s hand or wrist touches the cube without grasping 
it. When a contact resolves immediately into a grasp, 
a grasp only is recorded. Thus, a contact means failure 
to grasp the cube. The number of contacts for the 
several groups increases from 16 weeks to 28 weeks. 
From 32 weeks to 52 weeks the number of contacts is 
less than at 2B weeks. 

The data show that up to 32 weeks some infants in 
each group do nut succeed In contacting with the cube, 
although the number of these infants decreases with 


TAHLIi: 17 


NuMni’.R. ov Infants in Kacu Acu Group Who Succecdud in 
Contacting and Grasping the Cude 


No, cniilacls rcfor.s to tlic mimlicr of infants wlio at first contact tlic 
cube without Kvaspinp it; A'^o. pursuUi, to the number ot these in- 
fants wlio continue to pursue the cube; anti Contacts aijain, to the 
number who succeed in tuiichin;! the cuiic for the second time fol- 
lowin;i the pursuit. 
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age. According to some of our additional data,“ in- 
fants usually touch or grasp the cube in the first 
situation and somecinies fail to reach for the second or 
the third cube when they arc presented. It seems, then, 
that, inasmucli as these failures by some of the groups, 
such as the 28-\vccks and the ,I2'\vccks groups, in touch- 
ing or grasping the cube usually occur in the second- 
cube or third-cube situations, we arc safe in concluding 
that the presence of the cubes already held in the in- 
fants hands interferes with the process of grasping the 
third cube. 

Table 17 shows that at 16 weeks infants often attempt 
to reach, but seldom succeed in touching, the cube. 
Preycr (45) reports that one girl at 18 weeks and two 
boys at 17 and 19 weeks, respectively, for the first time 
grasp at objects which they really desire to pcjssess. 

At 20 weeks one-half ( 18) of the infants contact with 
the cube (In the three situations there are +0 infants), 
and at 24 weeks all of them arc able to reach it, if they 
so wish, and about one-half of them grasp it. From 
this age on, all infants generally grasp the cube. Fin- 
ger contacts far outnumber contacts by the palm and 
by the edge of the hand,’ With the exception of the 
16-weeks group, infants who touch the cube without 
successfully grasping it pursue and generally touch it 
again or grasp it. {Note that in Pio-iir « cube and Con- 
tacts again there are for each group abmit as many 
pursuits and contacts again as there are first contacts.) 
The table does not record the total niiinhcr of times 


“Sec footimtc 2, pngc 132. 
’Sec footnote 2, pngc 132. 
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infants touch the cube for the following reasons; If 
one hand makes all the contacts, only one contact for 
that hand is recorded under No. of contacts. If both 
hands contact with the cube several times, one contact 
by each hand is recorded. If both hands contact simul- 
taneously with the cube, one contact only is recorded. 
The number of grasps increases with age up to 28 
weeks, the older groups having approximately the same 
number of grasps as the 28-weeks group. 

Hand-preference in touching the cube alternates with 
age up to 36 weeks and then favors the right hand at 
40 weeks and remains with this hand at 52 weeks,** In 
grasping and in holding the cube, no definite hand- 
preference is apparent until we reach the 40- and 52- 
weeks groups, when tire right hand definitely surpasses 
the left hand. The number of ‘‘holds” increases up to 
28 weeks and then remains constant for the remaining 
groups. The hands often cooperate in grasping the 
cube. This cooperation is quite marked at 20 weeks 
and at 24 weeks, and is present to a lesser degree at 32 
weeks, 36 weeks, and 40 weeks. According to our data, 
also, the hands of the infant cooperate in holding the 
cube after it is grasped, a tendency which is particu- 
larly strong at 24 weeks. Perhaps this tendency Unvard 
cooperation is an indication of the uncertainly of the 
infant’s grip, 

TyI’KS of GUASI' 

Infants from 16 weeks to 52 weeks of age vary greatly 
in their manner of grasping objects. Very young in- 


^Sci! fttolnotc 2, [^ 2 . 
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flints make lui use nf the lluinib in lakinj; anil Imlilinj; 
objects, 'I’liey <lci>eml eiiliiely upon the palm anil 
niasscil lingers for Hrippiii}', In ohler infants the 
tiuiinb luul forcfinjfei' form ilic principal siippnii in 
jrraspinjt Jt^il holiliiif;. ’i'he stillinj' process nf siuilyin^ 
the motion pictures reveals eij^hl iy|ies nf }rras[> which 
jirranf^c themselves in an onlerlv sei|vK*nce quite cihi- 
sisteiu ivith the Kmivih of the infant. Xaiurally, there 
arc infants who do not succeed in rcachinjj the cube, 
and there are also infants who reach the cube hut cannot 
ijrasp it. ^Ve add iliese two items to our ^oasp scries to 
complete mir story of prehension for all infants from 
16 lo 52 weeks of a^c. Ivacli nf these ten types of jjrasp 
is fully illustrated by photojfraplis and drawing's in 
I'igiires '^A and 9H. ’I'he photographs are enlarye- 
menis from the motion films which were studied for 
cube pt eliension. Kach pholofiraph represents one kind 
of tii'iisp, tlie type of wliicli is staled hettcalfi the photo- 
j^raph. Above each pholojriaph is an enlarj^ed draw- 
ing of (Jic hand, w/r/c/i shoivs cf early the refailce posi- 
tion of tbe palm and digits to the cube. 

Wc have, tiien, the following types of grasp in order 
of rc(iiieinent ; 

1. No r.onlart includes all insiaiucs wherein infanis 
for some reason fail even to t<iuch the cuhe. 

2. Coulorl only includes instances in wliicli infants 
succeed in touching but not securing the cube. 

5. Primiln't' .ufiwi’ir.t’ the infant tlirusts the haiul 
beyond the culie aiul corrals it by pulling it tfovard liim 
on the table with iluimb, wrist, or hand until he suc- 
ceeds in squeezing it agiiitist the other liand nr the 
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body. The primitive squeeze is not a true grasp for 
the hand does hot actually grip the cube. 

4. The first form of actual grasp is the squeeze 
grasp. The hand, palm-in, approaches the cube later- 
ally on the table to envelop it. At the moment of con- 
tact the fingers close on the cube so as to press it strongly 
against the heel of the palm with the thumb extended 
on the upper face of the cube. This grasp is clumsy 
and usually results in failure to hold the cube, at least 
no infant has succeeded in raising the cube from the 
table with this grasp, 

5. In the hand grasp the infant brings the pronated 
hand down paw-like fully upon the cube, curls the 
fingers down on the far face of the cube with the thumb 
paralleling the digits on the adjacent surface, and 
presses the cube firmly against the heel of the palm. 
The fingers appear to be of equal importance in grasp- 
ing and the thumb seems to lack tonicity. 

6. The palm grasp is accomplished by setting the 
pronated hand down on the cube so that the fingers curl 
over the top and far down on the further face with the 
thumb pointing down against the near face to oppose 
the fingers in forcing the cube against the palm. We 
have now for the first time active thumb-opposition. 
This new feature in the thumb repertoire of functions 
and the simultaneous budding into prominence of the 
forefinger are mainly responsible for the higher types of 
grasp which follow. Up to this point all digits func- 
tion in holding the cube in the middle of the palm. 
From now on only the first three digits function promi- 
nently in grasping so that we find the cube no longer 
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in the middle of the palm but shifted to the radial edge 
of the hand. A faulty palm grasp Becomes a hand 
grasp. As a matter of fact, the hand grasp is often due 
to the failure of the thumb to orient itself properly for 
opposition to the other digits. 

7. In the iuperior-palm grasp the infant sets only 
the radial side of the palm down on the cube with the 
thumb against the near side opposing the first two fin- 
gers, which arc curled down on the far side. In clo- 
sure, the digits press the cube against the thumb and 
palm. 

8. The inferior-forefinger grasp greatly resembles 
the superior-palm grasp. There is the same thumb- 
forefinger opposition, but the digits at the end of the 
approach point more medianward than downward 
(tendencies of this change of pointing appear in the 
superior-palm grasp), an angle of approach which 
makes thumb-opposition simple, and the cube is no 
longer pressed against the palm. This type of grasp 
represents an achievement of no small degree for the 
infant, for here is a clear demonstration of the fact that 
the digits arc beginning to act independently of the 
palm in grasping and holding. Heretofore, the infant 
uses the palm in grasping to make up for the short- 
comings in gripping by the digits. Now he finds that 
he can make the necessary fine adjustments of the proper 
digits to secure his grasp and can maintain the deli- 
cately balanced pressure of the digits against the near 
and far faces of the cube to insure its being held. We 
may say that the advance in grasping from the palm 
type to the forefinger type marks the change from a 
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three-surface grasp to a two-surface grasp — a tri-direc- 
tional pressure gives way to a di-directional pressure, 
The inferior-forefinger grasp is not a true finger-tip 
grasp, however, for the cube is still well up toward the 
palm so that a considerable portion of the palmar sur- 
faces of the digits contacts with the cube. 

9. The forefinger grasp is essentially a finger-tip 
grasp. The cube is well out on the tips of the first three 
digits (sometimes four digits) with the thumb opposed 
to the fingers. Up to this point, all types of grasp re- 
quire that the hand come to rest on the table before the 
cube can be raised. Thus the table serves as a base or 
levertige point for lifting the hand after it grasps the 
cube. In the forefinger type of grasp the digits arc 
pretty well extended, distinct flexion appearing only at 
the metacarpophalangeal joints. In earlier forms of 
grasp the digits curl about the cube. 

10. The superior- finger grasp is exactly similar to 
the forefinger grasp, with the exception that the infant 
in grasping does not have to place any portion of his 
hand on the table top to aid the placement of the digits 
against the cube, nor does he require the table for lever- 
age in raising the cube. The hand alights on the cube, 
attains its grip, and raises the cube deftly and neatly. 
True, the hand may touch or brush the table as the hand 
settles on the cube, but the presence of the table about 
the cube is not essential to grasping or raising it. 

Table 18 shows the number of each of the above ten 
types of grasps which occur for each age group. In 
this table we record but one grasping reaction by each 
infant in each of the three situations. Hence, if an in- 
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faiU grasps a cube several times, we record but his 
first grasp. Most of the infants who are able to accom- 
plish the act of grasping secure the cube, There are 
only one or two infants in each group who do not at- 
tempt to grasp at least one of the cubes. A contact is 
recorded only when a touch is not followed by a grasp. 
We find that no contact appears most frequently at 16 
weeks, while contact only and the primitive squeeze ap- 
pear to some extent at 20 weeks. We find that the 
squeeze grasp occurs most frequently at 24 weeks, that 
the hand grasp occurs oftencst at 28 weeks, and that the 
palm grasp occurs frequently at 24 weeks and occa- 
sionally at 28 weeks, 32 weeks, and 36 weeks. The su- 
perior-palm grasp is very common at 28 weeks and at 
32 weeks, while the inferior-forefinger grasp functions 
strongly at 36 weeks and at 40 weeks. A number of 
forefinger grasps appear at 36 weeks and at 40 weeks, 
but this type of grasp is the predominating type at 52 
weeks. The superior- forefinger grasp is not fully de- 
veloped until some time later than 52 weeks and ap- 
pears only once in our study, at 52 weeks. However, a 
study of 56 weeks and older infants reveals a number of 
the superior-forefinger type of grasp. 

The complete data on contact and grasp permits 
the following conclusions: 

1. It is unlikely that 16-weeks infants will touch 
the cube. 

2. A number of the 20-wecks infants will touch, and 
a very few will grasp, the cube, and the type of grasp 
is likely to be a primitive squeeze grasp. 

3. Most of the 24-wccks infants will reach the cube, 
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TABLE 18 

Frequency of Occurrence in Each Age Group of the 
Various Types of Grasp Used in Securing the Cure 


Type of grnsp 

16 

20 

2+ 

Age in 
28 

weeks 

32 

36 

40 

52 

Superior-forefinger 








1 

Foreiiiiger 






4 

5 

15 

Inferior-forefinger 





4 

16 

15 

10 

Superior-palm 




13 

12 

3 

4 

1 

Palm 


1 

7 

6 

5 

4 

1 


Hand 


1 

2 

7 

2 

3 

1 

2 

Squeeze 


1 

6 


1 




Prlmilivc squeeze 


3 

1 






Contact 

3 

S 

14 

10 

5 

6 

10 

7 

No contact 

32 

25 

9 

3 

S 





half of them will merely touch it, and the others will 
grasp it, usually with a squeeze or a palm grasp. 

4. All of the 28-weeks infants can reach the cube, 
several of them will only touch the cube in the second 
and third cube situations, but most of them will grasp 
it. The superior-palm grasp predominates, but the 
hand grasp and the palm grasp frequently occur. 

5. The 32-weeks infant will usually grasp the cube 
except in the third cube situation. At this age the 
superior-palm grasp occurs most frequently, but we 
may expect the palm grasp and the inferior-forefinger 
grasp to put in an occasional appearance. 

6. The 36-, 40-, and 52'Weeks groups can easily, and 
usually do, grasp the cube. The 36- and the 40-weeks 
groups generally use the inferior-forefinger grasp, but 
other types, such as the superior-palm grasp and tlie 
forefinger grasp, occur infrequently. The S2-weeks 
group employ the forefinger grasp oftener than they 
employ the inferior-forefinger grasp. 

It is interesting to note that when a cube is displaced 
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almost out of reach the infant generally resorts to a 
lower sort of grasp than the type he usually exhibits in 
securing the cube. Some of the types of grasp recorded 
for each group are due to this lower form of behavior. 

We find that as infants increase in age there is a ten- 
dency to discontinue the simultaneous use of the two 
hands in grasping, although the infants may reach to- 
ward the cube with both hands. For example, at 20 
weeks, of the 6 grasps recorded, 2 are definitely doublc- 
hnnd grasps,® 2 arc single-hand grasps requiring the 
assistance of the other hand, and 2 are purely single- 
hand grasps. At 24 weeks, 9 of 16 grasps are distinctly 
single-hand grasps, w'hile at 28 weeks 18 of 26 grasps 
are single-, and for the remaining groups the percent- 
age of purely single-hand grasps increases until at 40 
weeks all but one grasp arc single-, and at 52 weeks only 
2 of a total of 29 grasps are not single-hand grasps. 

Up to 36 weeks visual attention to the cube is requi- 
site to successful grasping, for, on the occasions on 
which the regard leaves the cube before the approach 
is completed, the hand fails to touch the cube. How- 
ever, at 40 weeks, 2 approaches of this type hold true to 
their courses and end in grasps; and, at 52 weeks, 6 
excellent examples of well-directed approaches, of 
which only the first or second stage benefit by vision, re- 
sult in grasps. Coordination of trunk, arm, and hand 
has reached a fairly high level to render possible so per- 
fect an operation of the mechanism of reaching and 
grasping. 

There is an intimate relationship between approach 


“See footnote 2, page 1 32, 
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and grasp. While the nature of the approach influ- 
ences the nature of the grasp, it does not determine its 
type. Conversely, it is the type of grasp which the in- 
fant seeks to secure that determines the aim of the ap- 
proach, for, as we have already pointed out, an infant 
aims straight for the cube to procure a palm hold and 
points for the near lateral side of the cube for a fore- 
finger grasp, A comparison of the distribution of types 
of grasp (Table 18) and of the forms and direction of 
approach (Table 8) discloses the relationship between 
the former and the latter. 

As there are no grasps as 16 weeks, no information 
concerning the relation of approach and grasp is avail- 
able except by inference. The zigzag, circuitous form 
of approach predominates over the backhand and 
straight forms, and we are quite certain that, had these 
young infants grasped the cube, a lower type of grasp 
involving the palm grip would have resulted. In fact, 
this statement is practically a certainty, for, in an in- 
vestigation now taking place, in which the cube is 
placed in the infant’s hand, the type of grasp displayed 
is always a hand or a squeeze grasp. These facts tend 
to link the circuitous approach with the palm-grip type 
of grasp. 

However, for the other age groups, there is no doubt 
of the direct connection between the form and aim of 
the approach and the type of grasp. At 20 weeks and 
at 24 weeks, all grasps are of the full-palm type, the 
circuitous approaches far outnumber all other forms, 
and the aim is generally directed straight at the cube 
or the hand cuts in short of its mark, both of which 
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favor a fuU-palni grasp. These young infants attempt 
to get all their digits aiul most of the palm against the 
cube. At 28 weeks, the full-palm and superior-palm 
grasps appear in equal number, the circuitous approach 
predominates, although the straight form is infre- 
quently present, and the aim of reaching, while it still 
is often directed fully at the cube by a margin of 14 
to 8, is often directed at the side of the cube. 

At 32 weeks a great majority of the grasps arc of the 
superior-palm and forefinger variety, the form of ap- 
proach is circuitous, and its aim is directed largely at 
the near lateral side of the cube, which aim favors a 
grasp by the first three digits. At 36, 40, and 52 weeks 
the higher types of grasp, which involve principally 
the use of the thumb and forefinger, greatly outnumber 
the other types. The approaches are either slightly cir- 
cuitous or straight, and their aim is directed generally 
at the side of the cube. Although a number of the fore- 
arms arc directed at the cube, these approaches occur 
largely in the second and third cube situations, in which 
instances the approach-hand is often encumbered with 
one of the other cubes. 

Additional Facts Concerning Grasp 

Infants of the older groups usually grasp the pre- 
sented cube as soon as it is placed in the S.IVt. position, 
while infants from 16 weeks to 24 weeks of age usu- 
ally do not grasp the cube until it has been placed in 
the N.M. position. 

These dilTcrenccs in the time required to grasp the 
cube arc perhaps due not so much to such anatomical 
conditions as the difference in tl\e length of trunk and 
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arm of the older and younger infants as to misjudg- 
ments of direction and distance and to the inability to 
equilibrate the body and extend the arms properly. 

Table 23 shows that the difference in arm length of 
6-months and 12-months infants is about l.S inches. No 
one will deny that older infants maintain better equi- 
librium than do the younger infants (see page 250) . We 
have already shown (page 171), that younger infants 
digress more from the straight line, and often change 
their direction, in reaching for the cube. Table 22 in- 
dicates that the number of poorly directed approaches 
(see Poor direclion) and approaches which fall short 
of their mark (see Under-reaches) ^ as compared with 
the number of grasps by these groups (see Table 17), 
is greater for the lower age groups than for the higher 
age groups. 

One expects to find that younger infants and older 
infants differ as to the speed with which they grip the 
cube after they have reached it, that the younger infants 
will displace the cube farther from its original posi- 
tion and adjust the hand of lener before they firmly grip 
the cube. Table 19, under Time up to grasp, shows 
that the number of seconds that elapse from the begin- 
ning of the situation to the moment that infants grasp 
the cube decreases from 16.5 seconds at 20 weeks to 3.0 
seconds at 32 weeks, after which the time remains fairly 
constant. 

Additional Grasping Data 

Table 19 shows for each of the several age groups 
the time (seconds) required to grasp the presented cube, 
the time (in motion-picture frames) required to grip 
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I'ABLK 19 

R'Iedians op Measures op Additional Activities in the 
Grasping Behavior of the Various Age (Jroups 


Measure 

20 

Arc In ivcckii 
24 28 n 

36 

40 

52 

Time up to gran]) (eiccondR) 

16.5 

11.0 

6,3 

3.0 

4.0 

3.0 

3.3 

Actual BrttBjV'iime 

Ainotinf (if cube (Ifaplace- 

24.0 

is.o 

20,5 

9.0 

LI.O 

».o 

5.5 

mciil (Inches) 

3.0 

2.5 

l.S 

1.0 

1.0 

o.s 

0.5 

Number of extra ndjuNtmcnis 

i 

1 

1 

1 

1 

0 

0 

Number uf irtfani!i grasping 0 

1 

5 

12 

n 

11 

11 

12 


the cube after reaching it, the number of inches the 
cube is displaced before it is grasped, and the number 
of times the hand is readjusted for the grasp before the 
cube is firmly held. The items of investigation are 
listed at the left of the table, the age groups are indi- 
cated at the top, and the number of infants of each 
group who grasp the cube arc indicated at the foot, of 
the several columns. The numerals in the cells of the 
table are the medians of the measures of the activities 
for the different age groups. The table includes only 
the first cube situation. 

Closure time {actual grasp time) is less for the older 
groups than for the younger groups, decreasing from 
1.5 seconds (24 frames) for the 20*wecks infants to less 
than 0,5 seconds (5,5 frames) for the 52-wceks infants. 

Although the decrease is decisive, the development of 
grasp Itself, as manifested in the types of grasp for the 
successive age groups (see pages 220-221), interferes 
with regularity of diminution of speed in gripping the 
cube. For example, the reduction in the time of grasp 
from 28 to 32 weeks is due to the fact that the infants of 
both groups use principally the same type of grasp — 



STUDY OF PREHBNSrON IN INFANTS 


227 


the superior-palm grasp, in which we expect the older 
group to be more proficient. At 36 weeks, however, the 
infants use largely the inferior-forefinger grasp, which, 
as we have indicated above, is a precarious grasp for 
infants of this age. Hence, instead of a reduction in 
the time of grasp from 32 weeks to 36 weeks, we find lin 
actual increase in the time of closure on the cube. At 
23 weeks, Watson’s infant (62) took two seconds for 
grasping. 

The amount of cube displacement during the grasp- 
ing act decreases fairly constantly from 20 weeks to 52 
weeks, and the number of extra adjustments by the hand 
before the cube is grasped is one for all groups except 
for the 40-weeks and 52-weeks infants who require no 
readjustments for grasping the cube. 

Table 19 contains only the data for the first cube situ- 
ation, because we believe that this situation is best rep- 
resentative of the manner and time of grasping by the 
infants of the several age groups. We find in the sec- 
ond and third cube situations that the presence of the 
additional cubes so affects grasping by infants of the 
several age groups as to make the data, particularly for 
the third cube, incomparable with the data for the first 
cube situation.^® 

Method of Lifting the Cube 

The investigation into the process of lifting the cube 
makes no attempt to analyze any movements than those 
of the arm. We ignore the actions of the trunk, head, 
and lower limbs, because the conditions of the experi- 

^“Additional data on grasping, and a discussion thereof, arc in- 
cluded in the material referred to on pa^e 1 32, 
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ment preclude an adequate study of the exact nature of 
these actions, 

Table 20 presents data with regard to the methods 
of lifting the cube. The first column lists the several 
means by which the infants raise the cube from the 
table. The age groups are indicated at tlie heads of the 
remaining columns and the figures in the cells of the 
table denote the number of times the several means of 
lifting the cube occurred for any of the several age 
groups. 

According to this table, there are several nieans 
which infants utilize in raising the cube from the table. 
A few infants merely rotate the pronated hand inward 
on its ulnar edge until the palm faces medianward or 
upward (hand'Cdge), Some of the younger infants 
use the shoulder as a fulcrum to swing the entire arm 
upward. The ttvo commonest forms of lifting from 
Z8 weeks to 52 weeks are those in which elbow flexion 
functions alone, and those in which rotation on the 
hand-edge is followed by elbow flexion. A goodly 
number of infants of the four older age groups (32 
weeks to 52 weeks) also resort to simultaneous action 
by hand-edge and elbow to raise the cube from the 
table. Lifting by hand-edge followed by shoulder ex- 
tension, by simultaneous hand-cdge-shoulder-cxtension, 
occurs very infrequently. 

"We conclude, then, that lifting by shoulder alone is 
common only in the younger (20 weeks to 24 weeks) in- 
fants, and that lifting by elbow flexion alone or by el- 
bow flexion in conjunction with hand-rotation (hand- 
edge) arc the common forms of raising the cube for 
infants from 24 weeks to 52 weeks of age. 
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TABLE 20 

Frequency of Occurrence in Each Age Group of the 
Several Means ry Which the Cube Was Raised 
FROM THE Table 

Hand edge signifies tJiat tlie hand, after grasping the cube, was 
rotated inward on its ulnar edge, Elbow refers to elbow (Icxioii, 
Shoulder signifies shoulder extension, A semicolon between two 
terms signifies that the two actions referred to occur in sequence, and 
a dash indicates that the two actions occur s^mllltaneollsl 3 ^ 


Menng by which 
cube was raised 

16 

20 

Age in weeks 

2+ 28 32 

36 

40 

52 

Hand edge 




■ 3 

2 


1 

2 

Elbow 



6 

7 

7 

12 

7 

8 

Shoulder 


2 

+ 

1 

1 

1 



Hand; elbow 


1 

2 

6 

10 

6 

8 

12 

Hnncl-elbow 



1 

2 

4 

7 

7 

2 

Hand; shoulder 






1 



ElboiV'shonJder 








1 

HqiuI-s boulder 




1 


1 

2 

2 


TABLE 21 

Frequency of Occurrence in Each Group of Various Types 
OF Dispositions of TiiE Cube After It Had 

Been Grasped 

All three cube situations included 

Types of disposition 

of the cvibe 16 20 

Age in weeks 

24 28 32 

36 

40 

52 

To mouth 

4 

9 

14 

15 

a 

1 

Inspects 

3 

9 

5 

a 

9 

8 

Pushes away S 


4 


6 

4 

2 

Holds 5 

5 

13 

14 

13 

10 

8 

Both hands 

1 

4 

6 

9 

8 

9 

Puts clown 

2 

4 

9 

4 

5 

14 

Drops 1 

3 

3 

4 

12 

8 

1 

Picks up 

1 

3 

7 

10 

9 

12 

Bangs table 1 


1 


7 

K 

9 

Other hand 

1 

3 

4 

10 

9 

8 

Matches 



3 

6 

4 

4 

Disregards 


1 

7 

2 


3 

Fingers cube 



1 

3 

5 

3 
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Disposition of the Cube 

After infants grasp the cube they dispose of it in 
different ways. The SZ-weeks infant does not manipu- 
late the cube in the same manner that the 24-weeks in- 
fant handles it, We decided, therefore, to determine 
just how infants of the several age groups dispose of 
the cube, after they once contact with it, by listing for 
each infant its activities with the cube. 

Table 21 contains the list of these activities and shows 
that, at 20 weeks, the few infants who secure the cube 
cither push it away or iiold it quietly without any fur- 
ther action. At 2+ weeks the infants simply hold the 
cube, bring it to mouth, inspect it, and drop it. At 28 
weeks, holding the cube occurs freqvicntly, carry- 
ing it to the mouth and inspecting it also occur to a con- 
siderable extent. At 32 weeks, holding the cube and 
carrying it to the mouth arc activities of frequent occur- 
rence. These infants often put the cube down, pick it 
up again, and hold it in both hands. For the three oldest 
groups the activities arc so diversified that none of them 
are particularly outstanding. However, at 36 weeks, 
perhaps the most common activities are carrying the 
cube to the mouth, simply holding the cube, dropping 
and picking it up again, inspecting it, and exchanging 
hands on it. At 40 weeks the cube is not brought to the 
mouth as often as at 36 weeks; holding the cube, in- 
specting it, dropping and regaining it, exchanging 
hands on it, and banging the tabic with it arc the out- 
standing activities. At 52 weeks, manipulation of the 
cube by the fingers is the outstanding activity. Infants 
of this age often put tlic cube down and pick it up, bang 
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the table, exchange hands on the cube, hold and inspect 
it. 

If we study the table from a different point of view, 
we discover that up to about 32 weeks of age the out- 
standing activities with the cube are carrying it to the 
mouth, simply holding the cube, putting it down, occa- 
sionally picking it up, and disregarding it. On the 
other hand, the table reveals that for the three oldest 
groups (36 weeks to 52 weeks) there is a decrease in 
such activities as carrying the cube to the mouth and 
dropping the cube, and that such activities as holding 
the cube, inspecting it, exchanging hands on it, bring- 
ing both hands to bear on it, putting it down, picking it 
up, banging the table, matching the cube with the other 
cubes, and fingering it prevail. Banging the cube 
against the table not only produces noise for the en- 
joyment of the infant but also aids him in gaining im- 
pressions of weight, hardness, and durability of the ob- 
ject. Holding the cube occurs often in the case of both 
younger and older groups, but the manner in which in- 
fants hold the cube differs greatly. Up to 32 weeks of 
age the infants hold the cube in the palm of the hand, 
while Infants over 32 weeks of age generally hold the 
cube with the finger-tips. Again, the younger infants 
maintain a vice-like grip of the cube, the force of which 
is wholly out of proportion with the pressure required 
to hold the cube, The older infants hold the cube with 
only enough pressure to prevent it from falling. Again, 
the younger groups, in holding the cube, do not move 
it about in the hand, while the older groups often 
change the grip and manipulate the cube about with 



232 


OHNEIIC I'SVCIIOUOC.Y MONOCiRAl'IlS 


their finger-tips. This activity not only aids finer man- 
ipulation of the cube, but it also permits better inspec- 
tion of the cube. 

The high sensitivity of the lips is perhaps an out- 
standing reason as to why young infants always bring 
objects which t!wy grasp immediately to the mouth. 
They undoubtedly gain some impressions of the size 
and form, hardness, softness, smoothness, roughness, 
etc., from the lips. Now, according to Table 13, the 
52-weeks infants seldom bring objects to the mouth 
within the time of the experiment, but they do inspect 
and manipulate the cube considerably with the fingers. 
Perhaps sensitivity of the finger-tips is greater at 52 
weeks than at 24 weeks or 32 weeks, and tactual im- 
pressions of objects, which these younger infants obtain 
by means of the lips, arc at 52 weeks acquired by means 
of the finger-tips. Certainly this complete change in 
the form of activity toward the cube by the 52-wccks 
infant, as compared with the 28-wceks or 32-weeks in- 
fant, and the manner in which the older infant balances 
the cube on his finger-tips, supports this argument. 

SrEcinc Infant Activity 

Infants of all ages exhibit a wide variety of activity 
during the three cube situations. The infants do not 
direct all these activities toward procuring and manipu- 
lating the cube, as we shall see. Tabic 22 lists most 
of these activities and sliows the number of times that 
each of these activities occur for the different age 
groups. 

Pianoing is the raising and lowering of the digits 
alternately on the table, and is nothing inocc or less than 



STUDY OF PREHENSION IN INFANTS 


233 


TABLE 22 

Frequency of Occurrence in Each Age Group of Some 
Specific Forms of Behavior in the Three Cube 
Situations 


The meanings of the descriptive teiins arc explained in the text. 


Form of bchnvior 

16 

20 

Age in weeicB 

24 28 32 

36 

40 

52 

PianoinK 

5 

8 

4 

1 





Hovering 

3 

8 

I 

1 





Kuba table 

6 

11 

4 

4 

2 



1 

HoobHij) approach 

10 ■ 

2 

4 

3 

1 


1 


Scrntclies table 

8 

19 

7 

4 

2 


1 


Corrals cube 

1 

3 

20 

17 

7 

2 



liaiul on table 

17 

11 

6 

5 

2 

1 

1 

1 

Slides hand nhout 

iS 

2 

2 

7 

2 

1 


3 

Attempts to surround 

3 

16 

7 

9 

6 

9 

3 

S 

Double approach 

7 

21 

14 

14 

9 

18 

4 

9 

Poor direction 


+ 

7 

2 

1 

2 

2 

1 

Double grasp 


Z 

4 

3 

4 

2 



Scooping approach 

5 

9 

16 

24 

20 

11 

3 


Bangs tabic 


4 

11 

10 

6 

8 

16 

12 

Surrounds cube 


4 

14 

11 

11 

9 

2 

8 

Poor hand adjustment 


3 

11 

22 

13 

10 

7 

3 

Overreaches 


1 

2 

7 

9 

1 


1 

Underreaches 


6 

S 

IS 

6 

6 

3 


Grasps cube 


3 

u 

25 

24 

30 

26 

29 

Matches cubes 




2 

5 

S 

4 

7 

Exchanges cube 



1 

6 

12 

10 

a 

10 


micro-kinetic movements of the digits, which, when 
they occur on the table top, resemble the action of the 
fingers in playing the piano. Warner (64) and others 
(17, 65) note that infants while awake exhibit irregu- 
lar spontaneous movements of the limbs and digits 
which occur slowly but almost constantly. At 4 months 
these movements are temporarily inhibited by certain 
stimuli such as light and sound, at 3 years they arc 
pretty well under control, and at 10 years they are prac- 
tically gone. Pianoing occurs generally from 16 to 
24 weeks. Hovering, which refers to suspending the 
hand motionless above the table for 4.0 or more seconds, 
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is the end of an incompictcd loop approach and occurs 
often enough at 20 weeks to be noticeable, Rubbing 
the table with the hand, which includes dragging the 
hand on the table, occurs generally at 16 and 20 weeks 
and infrequently at 2+ and at 28 weeks. Wc classify as 
doubtful those approaches concerning which there is 
any doubt that they arc directed toward the cube, Sev- 
eral doubtful approaches occur at 16 weeks and a few 
at other ages, particularly among the 20-, 24-, and 28- 
weeks infants. Infants of 16, 20, and 24 weeks often 
scratch the table, particularly is this true at 20 weeks. 
Gorralling ihe cube means drawing the cube in to get it 
between the hand and some other portion of the body. 
Corralling is common at 28 weeks and appears occa- 
sionally at 32 weeks. Hand on table signifies that one 
hand at least was not raised from the tabic during the 
situation. Sixtcen-wccks infants often keep one or both 
hands on the table throughout the situation. From 20 
weeks to 36 weeks the number of infants who do not 
raise both hands from the table at any time diminishes 
from 11 to 1. The 16-wecks infants often slide their 
hands about on the table in contrast to rubbing it, and 
this behavior occurs infrequently at other ages. Al- 
lempls to surround indicates that an infant endeavors 
to get both hands about the cube, and, in case he is 
successful, we credit him in the column, Surrounds cube, 
Infants of all ages frequently attempt to get both hands 
about the cube, but this activity appears more strongly 
at 20 weeks than at any other age. Infants of nearly all 
ages often reach for the cube with both hands [double 
approach,) The 20-wecks, 24-wccks, 26'Wcck8, and 36- 
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weeks infants resort to this form of reaching. Poor 
direction signifies that an infant errs in directing the 
hand to the cube. We have no record of the errors in 
direction by the 16-weeks infants because none of them 
completed an approach. Errors in direction occur in 
all groups, but most frequently at 20 and 24 weeks. 
Double grasps occur infrequently from 20 to 36 weeks. 
A scooping approach is a very circuitous approach 
(see Figure IB), executed on or above the table, in 
which the hand in executing the broad arc reaches a 
point beyond the cube, so that in completing the last 
stage of the approach the infant indicates his purpose 
of drawing the cube in towards him for the grasp. This 
type of approach occurs from 16 weeks to 40 weeks but 
most frequently at 24, 28, and 32 weeks. Banging the 
table occurs from 20 weeks to 52 weeks. The 40-week3 
infants lead in this form of activity, but the 52-weeks, 
24-week8, and 28-weeks infants are not far behind. The 
24-, 28-, 32-, 36-, and 52-weeks infants frequently sur- 
round the cube with hands and forearms. The younger 
infants sometimes do not adjust their hands well to 
grasp the cube, either because they misjudge its direc- 
tion or distance, or because they cannot direct the hand 
to a favorable position above the cube. If we consider 
the number of grasps per group, we find that the 20-, 
24-, and 28-weeks groups adjust their hands more 
poorly for the cube than do the older groups, From 
28 weeks to 52 weeks the number of poor adjustments 
decreases gradually from 28 to 3. The 28- and 32- 
weeks groups frequently overreach the cube. Over- 
reaching occurs oftenest at these ages because infants 
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of these two age groups lead in making scfjopiiig ap- 
proaches. which signifies that infants 

make misjudgntents uf distance so that tlic hand falls 
short of the cube, occurs frequently at 20, 24, and 28 
weeks. The number <if grasps increases rapidly from 
20 weeks to 24 weeks and then remains constant for the 
older age groups. Only the older infants bring cubes 
together {utalcA enhes), as though tficy were combin- 
ing the cubes in play. The four older age groups, par- 
ticularly the S2-weeks group, lead in this combining 
type of activity. The four older age groups also lead 
in passing the cube from one hand to the other, i.e., 
exchanging hands on the cube." 


‘’Additional data on tlicsc activities are included in tlic material 
referred to in footnote 2, page 132. 
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DISCUSSION AND INTERPRETATION 
OF RESULTS 

The nervous system functions chiefly in response to 
external stimuli. For this reason special sense-organs 
are developed on the surface of the body to serve as 
receptors for impressions from the environment, so that 
they may be transmitted as nervous impulses to the 
higher centers. 

The nervous system develops in a precocious man- 
ner and early attains differentiation of function. The 
direction of this development is toward the periphery, 
and the two parts, the central nervous system and the 
peripheral system, appear to myelinate (17) indepen- 
dently of each other (44, 62) , Myelination begins in 
the foetus at about the fourth or fifth month and is not 
completed until some time after birth (44, 17). The 
sense-organs generally attain to a high state of efficiency 
early in post-natal life and develop little thereafter 
(66). At eight months the brain has doubled its 
weight at birth, at one year it has increased to two and 
one-half times the birth weight, and in the third year 
has tripled it (17). The cerebellum at birth is 6% of 
the total brain weight and within a month’s time it 
grows to form 10% of this mass (17), thus the cere- 
bellum shows greater energy in post-natal development 
than does the cerebrum. The former concerns itself 
with body equilibrium, fine muscular coordinations and 
adjustments, and muscular tone (44), while the latter 
utilizes the former in initiating and combining into 
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harmonious systems and complex actions involving 
skilled movements (14), such as fine prehension, 
Therefore, for man, no complicated act can be per- 
formed until the centers vb'hich initiate and condition 
that act are fully developed. 

PhylogeneticalLy, cerebral and cerebellar develop- 
ment go hand in hand (69) . The increase in the size 
and importance of the cerebellum parallels the increase 
in the functional control of muscular movements by the 
cortex. The growth of the former is distinctly a mam- 
malian trait, for, in its development, it takes over new 
parts such as the area crcscens and the pons, which bears 
the same relation to the two hemispheres of the cerebel- 
lum that the corpus callosum bears to the cerebrum, 
and divides into two lateral lobes, characteristics com- 
mon only to primates and man. This development in- 
volves also the cortico-ccrebcllar nerve tracts to the 
area crescens and to the lateral lobes. Tt is natural to 
suppose that, Inasmuch as the development of this 
ccrcbro-ccrcbcllar system came late in man’s history, 
it would be slow in arriving at full maturation in the 
life of the individual, 

Little is known of the exact manner and rate of myc- 
lination of specific nerve-fibers of the peripheral and 
central nervous system from birth to maturity of man. 
We have, however, the following facts. 

The order in which the different parts of the nervous 
system begin to function appears to favor those sections 
which arc of immediate concern in the infant’s welfare. 
Thus the sympathetic system develops first and then 
follow in succession the spinal and intracranial ganglia 



STUDY OF PREHENSION IN INFANTS 


239 


and reflex centers, the centers for the sense-organs and 
for complicated motor movements, and finally the cen- 
ters for expression (17). There is some doubt that 
the cortex is excitable at birth or that it can exercise in- 
hibiting functions earlier than at one year (17). 

Myelination in the cerebral and spinal nerves begins 
in the motor, and ends in the sensory tracts (17). In 
the spinal cord the direct cerebellar nerve tract is the 
first to myelinate, and at birth all the tracts of the cord, 
with one exception, are fully developed (17) . The ex- 
ception is the pyramidal tract which does not myelinate 
until about the third month of post-natal life. This de- 
lay is undoubtedly due to the fact that its development 
is contingent upon the functional development of the 
motor centers of the cortex (17). The portions of the 
brain which are mcdullated at birth are the fibers of 
general sensibility, such as the visceral, muscular, arti- 
cular, tactile, olfactory, and visual fibers, the thalamus, 
and parts of the corona radiata, all of which means that 
the fibers which connect the two hemispheres, the fibers 
which connect the cortex with the lower central nervous 
system, and the entire area of the frontal, temporal, and 
occipital lobes, myelinate sometime in post-natal life 
(17). Westphal (64, 17) tested children varying from 
1 hour to 8 years of age and discovered that infants of 
3 weeks of age and younger can tolerate easily an elec- 
tric current of a strength which adults cannot endure. 
Among the nerves examined are the ulnaris, radialis, 
and medianis, the three nerves which contribute to cu- 
taneous, muscular, and articular sensibility in the fore- 
arm and hand. Westphal explains that this low ex- 
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citability is due to incomplete development of the 
higlier centers, and perhaps to the nature of the an- 
atomical structure of the peripheral nerves in which the 
development of the myelin sheath is slow, gradual, and 
incomplete for several weeks after birth, Kxciiabil- 
ity^ he says, does not reach its maximum until infants 
are over 6 weeks of age. Solimann (53) claims that 
excitability in sensory nerves of rabbits and puppies in- 
creases until they arc about 12 weeks old. The infer- 
ence is that, inasmuch as the human infant matures at a 
slower rate than the animals cited, the corresponding 
nerves in man continue to increase in excitability for a 
time longer than 12 weeks. Other researches (17) also 
reveal a higher cxcitabilit)' in nerves with increase in 
age, and Holmes (31, 17), in an investigation of 380 
children ranging in age from birth to 13 years, finds 
that nerves attain adult value in excitability only when 
children have reached an age of 5 or 6 years. 

The order of the appearance of muscular structures 
is from the trunk out into the limbs (40, 36, 66), and 
the differentiation of structures of the upper arm pre- 
cedes that of the forearm, which, in turn, precedes that 
of the hand (4). 

There are three main divisions of the striated 
muscles, anatomically considered, the axial or longi- 
tudinal trunk muscles, the appendicular or limb 
muscles, which are derived from the former, and the 
visceral ; and, phylogenetically and ontogcncticaJly, the 
axial muscles precede the appendicular in development 
(66). The latter are of especial importance to higher 
vertebrates which depend largely upon their limbs for 
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their livelihood, and especially to man VYith his highly 
developed prehensile organ, the hand. The muscles 
mostly concerned in arm movements are, in order, the 
trapezius and latissimum dorsi whose origins are in the 
trunk, the deltoid, teres major, supra- and infra-spinati, 
anconeus, triceps, biceps, brachialis, supinator, brach- 
ioradialis, and, finally, the muscles of the hand and 
digits. 

The shoulder, with its ball-and-socket joint and 
splendid array of extrinsic and intrinsic muscles, is a 
most versatile mechanism, The arm at this point may 
be abducted, adducted, flexed, extended, and partly ro- 
tated, and these separate actions may be combined to 
give almost any form of movement. The elbow is essen- 
tially a hinge joint, but near it are the points of origin of 
the pronator and supinator muscles which operate to ro- 
tate the forearm. The two pronators in the forearm, 
teres and quadratus, and the two supinators, longus and 
brevis, act respectively to pronate and supinate the 
hand. These muscles, combined with the flexibility of 
the carpal bones and their ligaments, impart to. the 
wrist a freedom of movement almost equal to that of a 
true ball-and-sockct joint. While the joints of the 
hand concern themselves entirely with extension and 
flexion of the digits, a system of abductor-adductor 
muscles spreads and assembles the digits. With the ex- 
ception of the thumb, there is a double system of flexors 
for the digits. The first digit is included in one of these 
systems, and, in addition, is plentifully supplied with 
individual muscles to aid it in carrying on its reper- 
toire of functions. The surprising feature of hand 
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Structure is the bountiful supply f)f muscles in the fifth 
digit. The phylogenetic aspect of this fact has aroused 
much comment and has influenced the theories of hand 
development. While the general view is that the little 
finger is of least help in digital manipulation, it is prob- 
able that such inference is not entirely correct. This 
finger exercises a balancing and steadying influence in 
writing, The younger infants use this finger and ulnar 
edge of the hand for supporting and guiding the hand 
on the slide approach, for setting the digits for grasp- 
ing, and for the first leverage point in raising objects 
from the table; hence, the fifth digit undoubtedly aids 
in steadying the hand, in directing its course, and in ad. 
justing It for gripping and lifting. If the abductor 
muscles of the fifth digit arc not stronger, they certainly 
respond with greater facility than the abduebtrs of the 
third and fourth digits. Place only the tip of the fifth 
digit firmly upon the table and move the other digits 
about singly or in combination and note the case, 
naturalness of movement, and fine adjustments for posi- 
tion and direction which it affords the other digits and 
hand. 

All movements at birth and foe some two or three 
months of post-natal life are of a reflexive type {53, 
17). In addition these reflexes arc exaggerated in early 
infancy because the inhibitory centers are not perfectly 
developed. At tl\ree months some control of move- 
ments by means of the senses is observable, and at four 
months a few signs of inhibition are clctcciablc (61, 
17), The early shoulder movements of infants, which 
come under the class of controlled actions, arc both 
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jerkily and slowly performed and are abductive-adduc- 
tive in character. 

An anthropometric table compiled by Crum (13), 
Assistant Statistician of the Prudential Insurance Co. 
of America, Newark, N. J., compares the arm lengths 
of male and female infants ranging in age from 6 
months to 24 months. 

The table, which represents the average of more than 
200 boys and more than ISO girls at each of the ages 
indicated, shows that arm length increases gradually 
for both sexes and that the arms of male infants are at 
each age a trifle longer than the arms of female infants. 
This table does not include the very youngest infants, 
but it does give the infant of one year an advantage in 
reach of more than 1.0 inch over the infant of 6 months, 
and we are fairly safe in concluding that the advantage 
is at least 2 inches over the newborn infant. 

In comparing the arms of a newborn boy with the 
right arm of a 3-year-old boy and the arms of 2 men, 
Heptner (29) concludes that the forearm of the new- 
born has less musculature, fewer nerves, and more bone 

TABLE 23 

Arm Length in Inches of Male and Female Inpants Vary- 
ing IN Age from 6 Months to 24 Months 


Age in months 

Arm length 
Mules 

in incliEfl 

Females 

S 

10.250 

9.875 

7 

10.62S 

I0.1Z5 

% 

10.875 

10.375 

9 


10.750 

10 

11,250 

10.750 

11 

11,500 

11.125 

12 

11.625 

11.250 

2i 


13.375 
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than his upper arm. The ratio of the growth in the 
peripheral nerves of the arm of the 3-year-oid to the 
newborn is 4 to 1, while the ratio of adult nerve growth 
to the newborn is 15.3 to 1. These facts indicate that 
development proceeds peripheral-ward, and that peri- 
pheral nerves arc far from being fully developed at 
birth. 

The first discreet arm movements untloubtly oc- 
cur as responses to stimuli from within the body, and, 
as Coghill (12) suggests, arc “postural reactions.’’ 
Later, freedom of movement, as in prehension, Is ac- 
quired by a gradual “emancipation from postural atti- 
tudes.’* The order of devclopmient of the nervous 
system from the center to the periphery explains not 
only the early domination of the trunk over the limbs 
but how it happens that the same motor nerves which 
at an early period of their development controlled the 
movements of the muscles of the trunk later extend to 
the limbs and exercise authority over them (12) . Cog- 
hill in his investigation of Amblysloma regards this 
primitive animal morphologically as typical of verte- 
brates (12). The forelimbs of Amblysloma develop 
earlier than the hind limbs and have as their first move- 
ments abduction and adduction. Later, as in verte- 
brate history, the flexor-extensor muscles become effec- 
tive, 

“Behavior," according to Coghill (12), whom we 
may call a “gestalt” physiologist, “develops from the 
beginning through the progressive expansion of a per- 
fectly integrated total pattern and the individuation 
within it of partial patterns which acquire various dc- 
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grees of discreetness.” These behavior patterns develop 
in an orderly sequence which conforms with the de- 
velopment of parts in the nervous system. 

The arm behavior of very young infants certainly 
bears some resemblance to the movements of the fore- 
limbs of Amblysioma, as Coghill describes them. In 
the case of prehension, the very young infant already 
has the rudiments of a highly integrated nervous 
mechanism which later governs the refined behavior of 
the 52-weeks infant; thus, body growth and maturation 
of the neuromuscular unit involved in the complex act 
accounts for development of prehension (12). 

A study of the mechanics of approach and of grasp 
shows that prehension in infants progresses along lines 
which indicate the existence of developmental patterns 
of reaching, grasping, and manipulation. The patterns, 
very loosely combined at first in the young infants, but 
manifestly present, develop slowly in an unmistakable 
and demonstrable manner into highly refined and in- 
tegrated systems of sequential acts, in which the occur- 
rence of each act of the behavior series is functionally 
contingent upon those which precede it. 

'In the act of prehension the body moves as a unit. 
The infant concentrates the energy of those parts of 
the body necessary to the act so that they contribute to 
the one end — the prehension of the object. There may 
be a shifting or resetting of some of the elements or 
parts within the total behavior pattern, such as thrust- 
ing forward one shoulder (the unilateral urge) instead 
of bringing the entire upper portion of the trunk closer 
to the object as do the younger infants, but in either 
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case there is the integrated system. The fact that older 
infants rotate the upper trunk instead of lunging for- 
ward bilaterally signifies an advance in the matura- 
tion of the prehensile ncuromusciilature. 

Why do young infants approach the cube by first 
carrying the hand out laterally and then swinging it 
back in the opposite direction toward the medium plane 
of the body? 

Observations on live infants ranging in age from 4 
to 20 weeks show that most sliouklcr movements arc 
those of abduction and adduction, and that infants sel- 
dom raise the entire arm and, when they do so, quickly 
restore it to the platform.'* In passing, wc note that 
abductivc movements arc more quickly and vigorously 
executed than arc adductivc movemenls.'” If we omit 
instances of emotional strain, all movements of the arm 
are slow and inclined to be jerky. The fingers are al- 
most constantly in motion (61, 17, 27), and the elbow 
frequently extends and flexes the forearm in direct op- 
position to the force of gravity which is, however, at 
this joint, only onc-half as difficult to overcome as that 
at the shoulder. One docs not, of course, expect the 
arm and hand of the infant of 16 weeks to move in the 
orthodox manner of the adult forelimb. The indi- 
vidual muscular fibers of newborn infants are about 
one-third as thick as those of infants one year of age 

Strunk, a member of the staff of the Yale Psycho-Clinic, re- 
ports one infant who nt 16 weeks held the entire arm aloft from the 
shoulder for a considerable time, 

sudden emotional upheaval will cause the dorsally placed 
inf.ant to abduct the arm strongly on a great sweeping arc. 'I'hcn 
follows the slow gradual and .somewhat intermittent adductivc move- 
ments which carry the upper arm closer to the trunk. 
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(17), and it is unlikely that muscular development, in 
the arms and hands at least, is more rapid in the first 
few months of post-natal life than in the latter part of 
the first year, especially in view of the results of this 
study. 

For example, an infant of 12 to 16 weeks, lying dor- 
sally, with arms abducted, in reaching for an object 
suspended above his chest, adducts the arm at the 
shoulder as a somewhat inflexible unit. He cannot, or 
does not, readily flex or extend the elbow, and cer- 
tainly does not advantageously coordinate its move- 
ment with that of the shoulder joint, We do not say the 
elbow is inflexible but that its movements occur slowly 
and often jerkily as though it were overcoming resis- 
tance from within. The dominance of the abductive- 
adductive movements and the inability to move the arm 
fluently contributes to cause the angular, zigzag, sweep- 
ing approach movements common in 16- and 20-weeks 
mta.nts. When the elbow becomes more flexible and 
cooperates with the shoulder joint in the advance upon 
the cube, the approach loses its angularity and becomes 
circular. The refinement of the coordination of these 
two joints, the gradual elimination of the restraining 
abductive movements of the shoulder, the ripening of 
the neuromuscular system of the forearm which gov- 
erns the mechanics of hand-rotation, and the increas- 
ingly greater prominence of the positive actions of the 
thumb and forefinger account for the gradual transi- 
tion from the extremely circuitous to the straight alp- 
proach. 

In our opinion there are three main reasons why 
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movements of abduction and adduction predominate 
over other shoulder actions in early infantile prehen- 
sion. First, the direction of the extension of the prin- 
cipal muscles of the shoulder — ^laterally — contributes 
to render nbduclive-adductivc movements simpler of 
performance as compared with movements of exten- 
sion and flexion. Second, the execution of purely 
lateral shoulder movements doubtless calls for fewer 
and simpler muscular coordinations than do move- 
ments in other directions.^'* Third, inasmuch as the 
younger infant spends most of his lime in the dorsal 
position, of all movements which the shoulder per- 
forms, the lateral ones least oppose the pull of gravity. 
In upward thrusts at the shoulder the muscles have to 
overcome the weight of the entire arm — a not insig- 
nificant mass. 

We do not sympathize with Buhler's view (8, 34) 
that learning to grasp depends entirely upon training. 
A better answer to the problem of prehension is that 
this form of early learning, as we mention above, dc- 


^■‘Onc muscle, tlic Ocitoid, perhaps at times niclctl by the supra- 
spinatus, practically catxiroU abcluctivc movemeuta of tl\c arm at the 
sliouldcn Aclductiorii which usually occurs slowly^ ns thoup:li the 
arm were settling back to a position of rest, may be brouglu labout by 
the pull oi any one, or any combination, of these muscles — pcctoralis 
majori tcresj major, Intissimus dors!, coracobrnchinlis, and part of the 
triceps brncfii. In spite of the number of muscles which may be in- 
volved in the add active movement, wc still insist it is n simple mus- 
cular action because at all times during the course of the movement, 
the upper arm remains in the lateral plane of the trunk, the plane 
in which the arm is most at rest, the plane in which no undue tor- 
ttort of muscles occurs, (Morris* Human Amiomys edited by G. M. 
Jackson, 6th cd., 1921, 399-416,) With young infants the arm ap- 
pears to be comfortable when the upper arm is nt almost any angle 
with the trunk ns long ns the arm remnins in the lateral plane. 
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pends mostly upon growth of the body and the matura- 
tion^*’ (34) of the neuromuscular system. For example, 
an intensive course of training for infants from 20 to 24 
weeks of age in reaching for a cube will scarcely result 
in producing a form of approach similar to that of 
older infants; and how is it possible for an infant with 
short stubby fingers to grasp and manipulate a cube 
with a type of grasp resembling the refined grasp of a 
52- weeks infant? (See types of grasp in this paper.) 
We incline toward the arguments by Koffka (34) and 
von Kries (59) that Biihler’s theory of training in terms 
of the formation of sensory and motor bonds requires 
an enormous number of connections for the completion 
of any act, simple or complicated, and does not prove 
the real existence of the bonds which are absolutely 
essential to the carrying on of the act. 

Gesell and Thompson (23), in their co-twin-control 
study in which they trained one of a pair of twins for 
a period of six weeks in cube prehension to the exclu- 
sion of the other, and compared their behavior patterns 
before and after the training period, find differences in 
the twins* behavior with the cubes at the end of the 
training period to be as slight as the differences ex- 
hibited at the start. 

The manner in which infants reach for a cube and the 
type of the ensuing grasp are best explained by the 
maturation of those parts of his neuromuscular system 
which control bodily equilibrium and coordination of 
eye and hand by such anatomical factors as length of 
arm, hand, and digits. 

i*>We use maturation in the sense of ripening tempered by cer- 
tain inhibitory influences. 
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The human cerebellum, which attains practically its 
full size before the fifth year of life, develops rapidly 
during the first 12 months (40, 44, 34). According to 
Scammon and Dunn (50), the rapid growth of the cere- 
bellum during the first year of life "is not stimulated by 
the factors of extra-uterine environment" but "is rather 
to be regarded as a diminishing residuum" of intra- 
uterine growth ertergy. The relation between cerebel- 
lar development and the maintenance of bodily equi- 
librium may be seen from the following observations. 
Reports of the earliest age at which infants can sit 
alone vary somewhat. Shinn's infant (52) sits with 
support at 4 months, suffers an occasional fall at 7 
months, and maintains stable equilibrium at 8 months, 
while Geseli’s (20, 21) has unsupported silting for a 
short time at 6 months, and for long periods at 9 months. 
Preyer (52) reports mastery of the sitting act during 
the eleventh month, Hall (52) at the eighth month, and 
Feldman (17) gives 8 months as the time when infants 
can generally sit alone, Watson (63) believes that in- 
fants can sit alone at 6 months, Dearborn (15) puts the 
sitting date at 6 months, Fenton (18) at 4 months, and 
Jones (32) has 76% of the infants sitting erect at 36 
weeks and all sitting at 41 weeks. Concretely, a few 
infants of 28 weeks sit well for short periods (10 min- 
utes), About all of them do well for short periods at 
32 weeks of age, and all sit for long periods (30 min- 
utes) at 36 weeks, 

Feldman (17) states that a baby can hold its head 
erect at 4 months. Miss Shinn’s (52) infant masters 
head equilibrium during the third month, Prcycr’s 
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(52) and Gesell’s (20) during the fourth month; and, 
while many of our infants’ heads sway at 16 weeks, 
there is scarcely any swaying at 20 weeks. Kuhlmann 
(35) uses head balance as one of his tests for the 6- 
months’ level. 

It is very likely that the statement by Coghill (12) 
that the first limb movements of Amblysloma depend 
upon reactions of the trunk applies equally well to in- 
fants. At an early age infants will move their bodies 
in a desired direction even before they are able to ex- 
tend their arms with any accuracy in overt reaching 
attempts, or they will stiffen their trunks in resistance 
to outside forces when they are unable to ward them 
off by the use of the limbs. 

Gesell (21 ) reports “body reaching movements” for 
an object within visual range at 16 weeks, closing in on 
objects held above the infant in the dorsal position, and 
rolling over to the side, A more mobile and coopera- 
tive arm would, perhaps, permit the infant to roll over 
completely. Shinn (52) has head- and neck-reaching 
at 12 weeks, and reports little on trunk movements as 
such. A study of five infants shows that at 12 weeks, 
while none will close in on a dangled object, they will 
follow it with their eyes over an arc of 180°. Up to 12 
weeks the most vigorous movements are those of the 
trunk; the head and limbs follow in order. In either 
the dorsal or prone position, body rotation and pro- 
pulsion are accomplished principally by throwing the 
body about or bending or stiffening it. In standing, 
children sway more than do adults and there is but 
little increase in steadiness until about the fifth year of 
life (17). 
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In the development of approach and of grasp pat- 
terns the variably related individual movements of the 
trunk and limbs undergo many modifications in kind, 
amount, and sequence before they coordinate to form 
the perfected act. We find it difficult to regard as ran- 
dom any of the movements of the arms and hands com- 
mitted during the infant’s regard for the cube. The 
sight of the cube seldom fails to excite increased arm 
and hand activity of a variety fundamental to the organ- 
ism from the point of view of service (62). We be- 
lieve, therefore, that all of the overt attempts by in- 
fants which are recorded in this study arc directed to- 
ward securing, or at least contacting with, the cube. 
For example, one cannot overlook the changes in the 
characteristic patterns of approach for the different 
age groups, The angular sweeping approach of the 
1 6- and 20-weeks infant rounds out into the full spatious 
circuitous approach of the 28'\vedks infant, and this 
wide detour is succeeded by the slightly curved ap- 
proach of the 36- 40-weeks infants, which later matures 
into the artistically straight approach of the S2-wceks 
infant 

There are poorly aimed and poorly directed ap- 
proaches, but no aimless or directionless ones. An in- 
fant of any of these ages advances upon the object of his 
desire by the only route which he can follow by virtue 
of the stage of development of his neuromuscular sys- 
tem, and this route is for him, therefore, the most direct 
approach, be it zigzag, curved, or straight 

All movements arc the result of stimulation of some 
sort, and complicated actions arc accompanied by con- 
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sciousness (47) , if one will permit us to use this term. 
The conscious processes that accompany prehension up 
to the point of contact are the initiating, the guiding, 
and the awareness-of-end (47) . The types of processes 
involved in each of the phases of the prehension act are 
likely to vary not in kind, namely, visual and kinaes- 
thetic, but in their relative amount and combinations, 
for, it is unlikely that either of these senses ceases to 
function in the sequential unfolding of the total be- 
havior. In the present case, the initiating process con- 
sists of visual perception of the cube, accompanied 
probably by some form of trunk and arm kinaesthesis; 
the guiding process consists of visual sensations which 
indicate the position of the object sought, and the visual 
and kinaesthetic sensations aroused in attaining the suc- 
cessive relative positions of the moving arm and the ob- 
ject; and the awareness-of-the-end process functions 
somewhere during the act, most likely at the start in 
the greater number of cases, and probably means pos- 
session of the object in whatever forms of consciousness 
formerly contributed to such import. 

One may discourse at length concerning the infant’s 
behavior following his regard for the cube. For some 
infants of any age all apparent movement ceases for a 
time and is succeeded either by an attempt to prehend 
the cube, or a shift of regard to some other object; for 
some, the course of movement already in progress con- 
tinues uninterrupted in its course; for others, such 
movement continues partially interrupted until it grad- 
ually comes to a stop; and for others, the movement 
shifts with scarcely any perceptible change of speed and 
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but slight change of direction from the object of their 
present desire to the cube which is then prehended. 

An infant’s perception of visual space is gained by 
moving his body about, by extending his arms and legs, 
by being brought to objects, by reaching for and con- 
tacting with them, and by feeling and grasping them — 
combining the experiences of the visual, cutaneous, and 
kinacstlietic senses. 

Both gross and line arm and finger movements aid 
the infant to form judgments of visual space. The in- 
fant in his early reaching efforts upon seeing the cube 
discovers its distance by crude lateral and forward 
thrusts of the arm and hand. He sweeps the table with 
his hand and is just as likely to brush the cube out of 
reach ns to corral it. Later, these gross arm and hand 
actions resolve into the refined movements of the less 
circuitous and straight approaches, in which the parts 
of the arm cooperate to introduce fluency into the un- 
folding of the behavior pattern of reaching. The in- 
fant so carefully times the stages in the approach at 
which successive arm, hand, and finger action occur to 
eliminate errors in direction and distance, that, in its 
final form, reaching occurs with a minimal waste of 
effort and time. Improvement in grasp accompanies 
refinement of approach; in fact, as we have already 
pointed out, the hvo are closely correlated. The more 
delicate prehensory manipulations which occur when 
infants linger the cube a great deal, shift it from hand 
to hand, drop it and grasp it again, inspect it, and sub- 
ject it to many other manociivcrs, strongly suggest. a 
progressive refinement in perceptions of small volumes 
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and masses. Some of the crude movements which in- 
fants refine or eliminate are: hip flexion without 
shoulder rotation, shoulder abduction, inflexibility of 
the joints of the arm, domination of palm in grasping, 
prominence of medius in approach and in grasp, and 
thumb immobility. Some of the refinements found in 
the prehension of 52-weeks infants are: trunk rotation 
on unilateral approach, arm and shoulder extension for- 
ward, improved body and head balance, thumb-oppo- 
sition, and usurpation by the forefinger of digital 
leadership. 

Vision in infants must be fairly good at 16 weeks, for 
eye coordination, saccadic pursuit, and coordinate com- 
pensatory eye movements apparently function well in 
the first few days of life (37) . Coordination of eye- and 
head-movements, and ability to shift the regard from 
one object to another are pretty well established before 
the sixteenth week (37). The development of eye- 
hand coordination constitutes one of the most important 
steps in prehension. A review of the literature shows 
that voluntary reaching for objects by infants appears 
to start about the fourth month. Warner (61, 17) no- 
tices that control of movement by means of the senses 
occurs at 3 months and that indications of inhibited 
behavior appear at 4- months. Watson (62) reports 
a questionable effort to reach for candy suspended 
before an infant at 101 days, a positive grasping at 
the candy on the 122nd day, and the disappearance 
of the grasping reflex by the I36th day. On the I7i5t 
day coordination of eye and hand is well fixed. Shinn 
(52) reports groping for objects at 16 weeks for both 
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her infant and Moore’s infant, and grasping for objects 
visually located at the Uth week for Hall, I2th week 
for Moore, 17th week for Shinn and for Preyec, and 
the 26th week for Sully. Preyer’s infant at 17 weeks 
grasps at objects out of reach and at 18 weeks reaches 
too short for objects (45), Gcsell’s infants at 4 months 
reach for and grasp objects in both dorsal and sitting 
positions (21), They regard a cube at 4 months but 
disregard a much smaller object, a pellet; at 6 months 
the infant grasps the cube and regards the pellet. 
Koffka (34) calls our attention to the fact that Shinn’s 
baby at 3 months does not make "definite hand and arm 
movements, but is merely uniting band and mouth." 
Our study shows that at 16 weeks two-thirds of the in- 
fants (8 of 12) make positive attcn\pts to secure objects 
from a table before them, but that they cannot be ex- 
pected to grasp them, even at a distance of only 3.0 
inches. 

Our investigation discloses that there is a gradual 
emancipation of the digits from the hand, of which no 
member at birth has specialized functions. To better 
understand this development we present briefly the fol- 
lowing facts. The sensibility of the palm of the hand 
of a newborn infant is not as great as that of the lips and 
mucous membrane of the nose, according to Preyer 
(45) and Canestrini (10) and his latent period of tac- 
tual sensibility is longer than that of the adult. A num- 
ber of investigators (17, 45, 64, 10, 65, 5.3) have shown 
that for some weeks of post-natal life the infant has low 
sensibility to pain, and it is likely that the pressure (tac- 
tile) sense is not highly developed until some weeks 
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after birth. Camerer (9), experimenting on individuals 
ranging from 3 years to adulthood, finds that sensibility 
of the arm in general increases with age. Infants begin 
to feel about with their hands at about the 12th week, 
to watch their fingers from about the l5th to the 23d 
weeks of life (52) (a fact that this investigation also 
reveals), and to hand objects (52) instead of putting 
them into the mouth at the 21st week. The grasping 
reflex, an action involving the undifferentiated hand, 
disappears at about 20 weeks (62), and reaching begins 
at about 17 or 19 weeks (52). The striped muscles, 
which must be considered in accounting for prehension, 
have a low excitability (65, 17) for the first two or three 
months of life. These conclusions tend to indicate that 
the several digits of the hand only slowly become indi- 
vidualized out of the whole “paw,” and that differen- 
tiation of digital functions does not occur until after 
24 weeks of life. 

Young children do not hold hands still nor keep the 
index finger quiet for 30.0 seconds at a time until they 
are 5 or 6 years old (17). Our infants at 16 and 20 
weeks occupy a considerable portion of their time in 
scratching, rubbing, or pianoing the table, and in re- 
garding their fingers as they draw the hand in across 
the table surface. Exploring the cube with the finger- 
tips becomes an active form of behavior after 24 weeks. 

Why does the infant reach for and seize objects with 
the hand? The answer seems to be that he wants it, 
not only for the sole purpose of possession, but perhaps 
that he may better appreciate it. For, as we have 
pointed out, certainly no portion of the body is better 
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equipped with end'Organs to render information of an 
immediate nature of the prehended object. The fact 
that the younger infants so often bring the object to the 
sensitive lips lends substantiation to this view. 

Why do infants from 16 to 28 weeks of age hold the 
cube by pressing it into the palm, while older infants 
hold the cube between the thumb and the two nearest 
fingers? Freedom of manipulation of the object, rather 
than certainty of grip, favors the latter form of grasp, 
but is it not within the range of probability that the an- 
atomical structures fundamental to the mechanics of 
grasp arc undergoing a change which for the older in- 
> fants favors the application of the tips of the digits in- 
stead of the palm? Is it not likely that the preferential 
use of the finger-tips, which involves cooperation of the 
"opposed thumb" in grasping, In place of the palm 
grip, is an indication of the maturation of those por- 
tions of the peripheral nervous system which function 
both affectively and effectively in the digits? 

Young infants from birth to 6 months exhibit a grasp 
of a force entirely disproportionate with the pressure 
necessary to hold and lift the seized object. Whether 
the object be heavy or light, it is driven hard against the 
palm in a vice-like palm grip which is purely an ex- 
pediency for procuring and holding the object. As the 
age of the infant increases, the force of the grip dimin- 
ishes, until at S2 weeks he takes the cube with the finger- 
tips in a manner which suggests the presence of some 
appreciation of the amount of pressure required to lift 
and hold the cube. The infant now desires not only 
to procure the cube but to explore it. Is the object hard 



STUDY OF PRBHBNSION IN INFANTS 


259 


or soft, rough or smooth, heavy or light, et cetera? It 
is exceedingly doubtful that the earlier vice-like grips 
are intended to give this information. 

Here, then, we have an excellent example of the de- 
velopment of perception' — beginning with an infant for 
whom the relation of the force of grip to the mass of 
an object means nothing, and ending with the infant 
who adjusts the pressure of his grip with little or no 
waste of energy to suit the weight and shape of the ob- 
ject. In this development the gradual lessening of the 
force in gripping corresponds closely with the shift of 
the object from palm to digit-tips in grasping. 

Prehending the object with the tips of the digits is 
then an act of economy as well as an act of skill. The 
infant, by means of the forefinger grasp, enjoys pos- 
session of the object, manipulatory case and fluency, and 
the advantage of a highly sensitive skin surface (see 
page 114) of considerable informatory value to the in- 
dividual. 

It is likely that the length of the digits, and the de- 
gree of cooperation of the kinaesthetic and pressure sen- 
sations with the neuromuscular system of the forearm 
and hand, determine the type of grasp which an infant 
applies to an object of a given size, form, and mass, 
such as a cube. Of course, the older infants have longer 
digits th^n have the younger infants. We have already 
shown^® that in adults the finger-tips are especially 
sensitive to pressure, although we are uncertain as to 
just when the end-organs for pressure are functionally 
mature, We suspect that at 16 weeks the end-organs 


^®See "Introduction,” page 114. 
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lor the pressure and for the kinaesthctic senses and the 
neuromuscular system of the arm and hand arc not de« 
vclopcd to the extent that they arc at SZ weeks, although 
there is some evidence that tactual sensibility is high in 
young children ( 17) . There must be a lime in infancy, 
however, when these prehensile determinants ripen 
relatively rapidly to produce the changes we find in 
grasp, and we strongly suspect that this maturation be- 
gins sometime after the fourth month of life. 

From our investigation we know that thumb-oppo- 
sition takes definite form from 28 to 32 weeks, although 
some attempts are made to secure grasps of this type at 
earlier times. Some experiments (15, +3, 18, 52) ap- 
pear to indicate that thumb-opposition occurs at about 
the 12th week, while others (35, 20) place it at 6 
months. Shinn (52) notices the tendency for the thumb 
to reverse during the 9th week, Preyer (45) notices it 
at the 14th week, and Jones (32) records opposition in 
50% of her cases at 148 days, and in 100% of her cases 
at 266 days. 

Twelve weeks is an early age for the appearance of 
this form of behavior, according to our data. Natu- 
rally, the sort of object used influences grasp. A cer* 
tain type of thumb-opposition will come into play more 
easily if a long, slender object is placed in an infant’s 
hand, than if a thick block is similarly used. A true test 
of opposition, it seems to us, is furnished in prehension 
of a cube, for there seems little doubt that it is only in. 
grasping an object of some considerable diameter that 
we can be certain that the thumb is actually oriented to 
secure the higher type of grasp. A long, slender object 



STUDY OF PRSHENSION IK INFANTS 


261 


will more easily permit accidental opposition of the 
thumb, as in Preyer’s case where the object used is a 
pencil. 

We have conducted a number of experiments lately 
on infants of 4, 8, 12, 16, and 20 weeks, who are placed 
dorsally, to see how they prehend slender rods and 1 .0- 
inch cubes. These infants never grasp the cube with 
thumb-opposition, but all succeed in getting the thumb 
about the rod in opposition to the fingers, Even at 4 
weeks it is as likely to be in opposition as not, depending 
on whether the examiner favors such opposition by the 
way in which she places the rod in the infant’s hand. 
However, the type of opposition which the infant ex- 
hibits in grasping the rod is purely passive, and is not 
to be confused with the type of thumb-opposition that 
he displays in voluntarily grasping a cube. The latter 
thumb action is positive, in that the thumb is definitely 
oriented to cause its palmar surface to face that of the 
forefinger. Passive thumb-opposition occurs only in 
grasping such objects as pencils and slender rods; such 
opposition fails in the prehension of objects of any con- 
siderable thickness, as a cube. 

Infants of 16 to 24 weeks afford excellent examples 
of what is apparently thumb-opposition by the manner 
in which they approach the cube. They hold the hand 
fully pronated with the thumb pointing or hanging 
down so that we get an impression of opposition. How- 
ever, what looks like opposition does not carry through, 
for we find that this form of approach usually precedes 
a squeeze or hand grasp, while the form of approach 
which leads to genuine opposition finds the thumb en- 
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ergetically pointed pretty well in horizontally toward 
the median plane of the infant. In the earlier approach 
the thumb appears as an extra and almost unnecessary 
appendage to the hand, which, in approaching the cube, 
betrays no individual digital proclivities, while in the 
more mature approach the thumb and the forefinger 
specialize to direct the course of the approach. 

Jones (32) has the best controlled experiment on 
reaching. The infant who is lying dorsally is given 1 0.0 
seconds to prehend a “bright toy” which is moved to- 
ward him on a line- between the eyes. At 27 weeks, 
92% of the infants are successful and at 33 weeks all in- 
fants are successful in acquiring the object. Under our 
experimental conditions 38% of the infants secure the 
cube at 24 weeks, 92% at 28 weeks, 92% at 32 weeks, 
and 92% at 36 weeks. The only reason infants fail at 
the two latter ages is because they desire to play with the 
cube rather than grasp it. Gesell (21) varies the pro- 
cedure with the age of the infants and finds reaching 
for a spoon is direct and accurate at 6 months. Kuhl- 
mann (35) dangles objects before the eyes of the in- 
fant and watches for speed and success in reaching the 
object. 

Jones finds thumb-opposition for the first time at 15 
weeks with a cube of the same size as ours, We have 
one instance of opposition at 20 weeks, 7 cases at 24 
weeks, and 19 cases at 28 weeks. The difference be- 
tween Jones’ results (32) and our findings consists in 
the method of presentation, for Jones puts the cube into 
the hand, while we permit the infant a free hand in pre- 
hension. 
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TABLE 23a 

Percentage of Thumb Opposition in Grasping Cubes in 
Jones’s Experiment and in Our Experiment for Infants 
Ranqinq in Aob from 16 Weeks to 40 Weeks 

Percentage of thumb oppoaUion 
Age (weeks) Jonea'a Oura 


16 

10 

0 

20 

41 

33 

24 

73 

47 

28 

84 

73 

32 

80 

87 

36 

94 

90 

40 

100 

96 


In this connection we find that for infants up to 32 
weeks of age the nature of the grasp is determined by 
the manner in which the digits come to rest upon the 
cube, for these infants, regardless of the precariousness 
of their hold, do not adjust and readjust the hand to 
obtain a more substantial grasp. They maintain their 
original grip, be it ever so frail, until the cube falls 
or slips away. In placing the cube in the hand, we 
wonder whether it was put into the middle of the palm 
where thumb-opposition is unlikely to occur, or into 
the palm nearer the thumb, a position which favors op- 
position. Jones's results (32), however, arc in dose 
agreement with ours, for betvveen the ages of 30 to 36 
weeks active thumb-opposition is practically fully de- 
veloped (80% to 90% of her cases), while at 32 weeks 
87j4% of our grasps are of this order (see Table 23fl) . 

Our results show that thumb-opposition to the fingers 
does not appear in the grasp to any extent until the in- 
fant is 28 weeks old, while Preyer (45) admits that 
thumb-opposition at 22 weeks is often missing. Up to 
28 weeks, the thumb action consists mainly in adduc- 
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tive-abductive movements with a small amount of ex- 
tension and flexion. At 16, 20, and 24 weeks, the hand, 
during the approach, is usually fully pronated, with the 
thumb either pointing or hanging down rather inac- 
tively or even curled under the palm; and in the act 
of grasping we find that the thumb extends at full 
length along the lateral face of the cube adjacent to 
the forefinger. The thumb appears to have no pre- 
hensile significance unless it may be to prevent an ob- 
ject, not too securely held, from slipping away through 
the opening at the radial side of the fist. Indeed, its 
position in grasping resembles closely that of the quies- 
cent thumb, as illustrated by Wood Jones (68) in the 
hand at rest. In other words, before 28 weeks, the 
thumb of the infant is the least active of the 5 digits, 
not excepting the little digits which synchronize with 
the other fingers, in grasping and manipulating objects. 
The story of prehension is in effect a story of the 
thumb. This study reveals that the improvement in 
type of grasp corresponds closely with the gradually 
increasing activity of the first digit. There is no accele- 
rated development in the process of grasping; there is 
merely a ripening of the forces that go to insure a safe 
grasp as the object finds itself advancing progressively 
and regularly from mid-palm to radial edge of palm 
and then out to the tips of the thumb and its two ad- 
jacent fingers. Just as long as the thumb remains quies- 
cent, the infant, in order to hold the cube, finds himself 
compelled to envelop it by the fingers and to drive it 
firmly into the palm, so that the heel of the palm may 
provide opposition to finger pressure, which opposition 
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later will be supplied by the thumb, At 28 weeks, 
when the thumb starts to assert itself in grasp, several 
interesting incidents occur which reveal the unreadi- 
ness or immaturity of the thumb to function perfectly. 
(<i) We have instances of the thumb actually contact- 
ing momentarily with the cube in opposition to the 
fingers and then slipping off to the adjacent side as clos- 
ure continues, (b) We often find the thumb pressed 
against the near face as in the finished form of grasp. 
In both these cases we may attribute the failure of op- 
position to the inability of the infant to sufficiently 
swing the thumb about on its axis to a point essential 
to complete opposition, (c) The infant sometimes 
brings the other hand into play to aid the prehending 
hand to hold its cube. The two types of palm grasp in 
which thumb-opposition first occurs may be regarded 
as the stage in which the infant awakens to the fact 
that not only may the hands be used to grasp and hold 
an object, and perhaps carry it to the mouth, but to 
render knowledge of the prebended object and to serve 
as manipulatory organs in handling the object so that 
other senses may be brought to bear upon it to add to 
such knowledge. 

Abduction and adduction of the thumb are simpler 
functions than are movements of opposition (60) . Ab- 
duction is principally the function of one muscle, the 
abductor pollicis longus, although it may be aided in 
part by the abductor policis brevis and the extensor pol- 
licis brevis,” all of which, however, in producing ab- 

^’Wood Jones (68) suites that the absolute "cllffcrentiatioti of the 
extensor pollicis brevis from the abductor pollicis longus” distinguishes 
"the thumb of mnn from that of any of the anthropoids.” 
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duction operate in practically one line. Adduction, 
likewise, is mainly the f unction of the adductor pollicis 
aided by the opponens pollicis and flexor pollicis brevis. 

Opposition to the fingers by the thumb is generally 
explained as the function of one muscle — the opponens. 
Walsh (60), who has made a special study of the an- 
atomy and physiology of the muscles of the hand, takes 
issue with this view and ascribes the action of opposi- 
tion by the thumb to the co-joint functioning of three 
muscles or tendons, namely, the abductor pollicis 
brevis, the flexor pollicis brevis, and the opponens pol- 
licis. The abductor pollicis brevis, with its origin in 
the ligaments and bones of the wrist and its insertion in 
the radial side of the base of the first phalanx of the 
thumb (44) and in the aponeurosis of the extensor pol- 
licis longus, extends the second phalanx on the first and 
the first phalanx on the metacarpal bone, moves 
them out laterally, and then flexes the metacarpal bone 
also in. this same direction. The flexor pollicis brevis, 
with its origin also in the region of the vvrist and its in- 
sertion partly in the radial side, and partly in the inner 
half of the anterior side, and partly in the whole of the 
ulnar -surface of the base of the first phalanx, extends 
the second phalanx on the first, flexes the first phalanx 
on the metacarpal bone, and finally flexes the latter. 
The opponens has its origin in the carpal bones and 
their ligaments and its insertion in both the radial edge 
and in the anterior surface of the first metacarpal bone. 
This muscle rotates the metacarpal bone on its long 
axis and flexes it. The combined action of these three 
muscles brings the thumb about in a way which places 
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its volar surface in opposition to the volar surface of 
the forefinger. 

Now it is our contention that, inasmuch as abductive- 
adductive thumb movements are relatively simple to 
perform — actions which may be brought about through 
the functioning of a single muscle — they will be among 
the first movements of the thumb in the early life of 
the infant; and, because thumb-opposition is a relatively 
complex act which involves the combined simultaneous 
action of parts of three distinct muscles cooperating in 
a manner which suggests that they develop only after 
several weeks of post-natal life, such thumb action will 
appear relatively late in the life of the infant. 

The functional development of the forefinger paral- 
lels that of the thumb. The younger infants for whom 
the thumb acts in a purely passive manner point their 
hands at the cube in reaching for it so that the hand 
has the appearance of a paw in which the medius ap- 
pears to lead in directing the course of approach. 
When the thumb develops to the point at which it ex- 
hibits active opposition in grasping, the forefinger as- 
sumes leadership over the digits in directing the ap- 
proach. The infant, instead of projecting the entire 
hand so that the palm, on nearing the cube, may de- 
scend full upon the cube, now thrusts the hand forward 
so that the forefinger only will pass directly above the 
cube. This balanced functional development of the 
thumb and forefinger is most fortunate for the indi- 
vidual, because the forefinger, more than any other 
finger is most concerned in meeting the conditions of 
opposition by the thumb in the prehension of objects. 
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For example, in infants of 52 weeks the thumb and fore- 
finger alone provide the opposition in the grasp of 
small objects, such as a pellet. When the infant pre- 
bends slightly larger objects than the pellet, the medius 
aids the forefinger in opposition, and the thumb shifts 
ulnar-ward to balance the joint pressure of these fingers. 
Thus, as objects become larger, the infant utilizes addi- 
tional fingers to assist the forefinger in meeting the op- 
position by the thumb, which in turn shifts farther and 
farther ulnar-ward to balance the resultant force of the 
pressures of the individual fingers applied at diflferent 
points on the object. The forefinger and thumb then 
are the leading digits of the hand in mature prehen- 
sory manipulation. According to Wood Jones (68), 
only in man does the forefinger stand “aloof from its 
fellows” and function as a specialized organ. 

The crease lines of the hand permit freedom in flex- 
ure in cupping the hand for grasping. The distal pad 
of the palm extends the greater part of an inch beyond 
the metacarpo-phalangeal joints and this overlapping 
of the palm on the proximal phalanges of the fingers 
accounts for the deep crease in the palm opposite these 
joints, which allows the palmar surface to double on 
itself to decrease its extent. The papillary ridges of the 
palm and of the volar surface of the digits also func- 
tion in grasping. The arrangement and distribution 
of these ridges give the volar surface of the hand the 
appearance of a broad, fine file and provide a gripping 
surface difficult of improvement. In passing, we do not 
overlook the fact that man often utilizes the nails of 
the digits in picking up tiny objects as pins, and in 
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scratching. The nails also strengthen and brace the 
finger-tips in rubbing surfaces, and in grasping objects, 
such as cubes. 



V 

CONCLUSIONS 

1. There are four steps in prehension: (a) the 
visual location of the object, {b) the approach by the 
hand, (c) the grasp, and {d) the disposal of the ob- 
ject. 

2. The amount of regard by the infants for the cube 
increases rapidly from 4.7S seconds at 16 weeks to 18.0 
seconds at 28 weeks, and then generally decreases to 
10.75 seconds at 52 weeks. The fact that the older 
infants grasp the cube sooner than the younger groups 
(less than 32 weeks of age) may account for this de- 
crease in time. The group medians for the average 
duration of the individual regards for the cube, for 
the longest regard, and for the first regard, follow the 
same general rule for rise and decline of time values 
as does the total regard time. 

3. Infants of the lb-weeks group and of the 20- 
weeks group usually follow the short initial regard for 
the cube with a second, and sometimes a third, brief 
regard. The other infants vary greatly in their man- 
ner of regard; some infants attend the cube throughout 
the duration of the situation, others regard it briefly 
several times, others regard it profoundly twice or three 
times, and some look at it but once. 

4. Only slight differences distinguish the regard 
for the second cube from the regard for the first cube. 
At 36 weeks and at 40 weeks the duration of the first 
regard for the second cube is greater than the duration 
of the first regard for the first cube. This increase in 
regard is due to delayed reaching for the cube, which, 

[2701 
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in turn, is due to interference caused by the presence 
of a cube already in the infant’s possession. For the re- 
maining groups, the first regard for the second cube is 
as short as that for the first cube. The brevity of the 
first regard is marked at 52 weeks, for these infants 
secure the cube quickly and look elsewhere immedi- 
ately. A number of these infants grasp the cube with- 
out looking at it. 

5, In the third cube situation the total regard for 
the cube for the five lower age groups is less than that 
for the first and for the second cubes, but for the 36-, 
40-, and 52-weeks infants there is no difference in total 
regard. The presence of two cubes in the infant’s 
hands apparently interferes with his regard for the 
third cube. In contrast to what we find in the first and 
second cube situations, there are no long regards for 
the third cube in any of the groups. 

6. The sequence of infants’ regard for objects about 
them varies for the three situations. The 16-weeks in- 
fants first regard the presented cube, then the table top 
or their hands (in fact, it is sometimes difficult to 
tell when it is one or the other, particularly when they 
scratch the table), and then the cube or the examiner. 
The 20-weeks group regard first the cube, then the ex- 
aminer, and then the cube again, or the other cubes if 
they are present. The remaining age groups in the first 
situation first look at the presented cube, then at the 
examiner or the dome, and then again at the cube, In 
the second and third cube situations the regard goes to 
the presented cube, then to the other cubes or the dome, 
and then back to the cube. 
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7. The arrangement of the groups with respect to 
frequency of shifts of regard, beginning with the group 
having the greatest number of shifts, are : 36-weeks, 20- 
weeks, S2-weeks, 40-weeks, lb-weeks, 24- weeks, 32- 
weeks, and 28-weeks. 

8. All infants regard the presented cube longer than 
they regard any other object, Interest in the other 
cubes waxes from 16 to 28 weeks and then weakens 
gradually with age. Only the 16-weeks and 20-weeks 
groups regard at length the hands and table. At 16 
weeks infants regard the examiner extensively. There 
is then a gradual and rapid decrease in the amount of 
regard for the examiner, until at 28 weeks infants 
scarcely notice her. The older infants regard her in- 
frequently. The 52-weeks infants regard the dome 
longer than do those of any other group, the 32-week8 
group also look about them at length, while the 24- 
weeks group regard the dome but little. 

9. After 24 weeks, the infant’s first approach is 
likely to yield success in reaching the cube. Speed in 
, reaching increases with age up to 32 weeks and then 

decreases. Bilateral approaches appear frequently at 
24, 28, and 32 weeks when both hands are unburdened 
with other cubes. 

10. Infants regard the presented cube most fre- 
quently. After this cube, the objects oftenest regarded 
are: at 16 weeks, the table and examiner; at 20 weeks, 
the examiner and the dome; at 24, 28, 32, 36, and 40 
weeks, the other cubes and the dome; and at 52 weeks, 
the dome and the examiner. . 

11. Three forms of approach appear; the backhand 
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sweep; the circuitous, which includes, besides the angu- 
lar and scooping sweeps, the less circuitous reaching; 
and the direct (straight) approaches. Infants from 16 
weeks to 28 weeks of age employ either the backhand 
approach, which is only the first half of the circuitous 
approach, or the very circuitous approach in reaching. 
Infants of 32 and 36 weeks use a less circuitous form 
of approach in reaching for the cube, and infants of 
40 and 52 weeks usually employ the direct approach. 
Genetically, the backhand and circuitous approaches 
straighten out into the direct approach. Up to 24 
weeks of age, the infants in reaching usually point the 
hand so that it will come to rest fully upon the cube. 
After 28 weeks, they so direct their hand that only tlie 
forefinger will pass over the mid-top of the cube. 

12. The lateral view of reaching reveals three prin- 
cipal types of approach: (n) the slide, which is ex- 
tensively employed by infants up to 32 weeks of age, 
(b) the loop, which likewise is employed by these 
younger infants whenever they do not use the slide ap- 
proach, and (c) the planing approach, which is the 
characteristic reaching action of infants of 36 to 52 
weeks of age. Combinations of these profiles also ap- 
pear, such as the loop-slide, the plane-slide, and the 
plane-loop. 

13. The unilateral approach is the common type 
of reaching at all ages, but bilateral approaches are 
about as common as the unilateral type at 24 weeks, 

‘ and occur frequently at 20 weeks. 

14. Up to 28 weeks of age infants raise their hands 
relatively high in reaching for the cube. From 28 
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weeks to 52 weeks the height of the approach gradually 
diminishes. 

15. There are four adjustment stages in the ap- 
proach pattern: (o) The inilial advance, {b) In the 
accelerated advance the hand increases its speed for- 
ward and generally laterally, although the destination 
of the hand is as yet indeterminable, (c) In the next 
stage, alignment, the hand points so that its ultimate 
destination is no longer a matter of conjecture, for the 
cube is within that portion of the table top which sub- 
tends the thumb-forefinger angle, [d) The culminat- 
ing approach, in which the hand sets itself for the grasp, 
follows the aligning approach. 

16. From 16 weeks to 24 weeks, infants often raise 
the hand, thrust it forward circuitously, and lower it 
in a manner which suggests that the approach consists 
of three individual acts. At 40 weeks, no trace of these 
separate acts is discernible; they are incorporated into 
one fluent reaching movement. 

17. If we except those approaches which cut in 
short of the cube, infants from 16 weeks to 28 weeks of 
age point their forearms directly above the cube at the 
final stage of the approach, and, while infants over 28 
weeks of age sometimes direct the forearm in this man- 
ner, they usually aim it toward a point above the lateral 
side of the cube which is nearest the reaching hand. 

18. Infants up to 28 weeks of age reach for the cube 
with the thumb pointing almost straight down from a 
pronated hand, and the older infants approach the cube 
with the thumb directed in median-ward or semi- 
median-ward from a hand which is slightly rotated in 
the same direction. 
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19. The manner in which infants hold the thumb 
in reaching indicates roughly the kind of grasp which 
follows- If the thumb points inward, the grasp will 
find the thumb opposed to the fingers; if the thumb 
hangs down or curls under the palm, a grasp of lower 
order will result. 

20. For the youngest infants the plane of the angle 
formed by the forefinger and thumb just preceding 
grasp is vertical. As the infant matures, the plane of 
this angle rotates toward a horizontal line. 

21. In reaching for the cube, the hand usually re- 
mains pronated throughout its entire course, or it ro- 
tates slightly from a somewhat palm-in toward a pro- 
nated state as it sweeps in toward the cube. During 
the approach, the other hand usually does not rotate, 
regardless of its other movements. 

22. Accuracy in reaching by infants improves grad- 
ually and steadily from 16 weeks to 52 weeks. 

23. At 16 weeks no infants are likely to touch the 
cube. At 20 weeks one-fourth of the infants touch the 
cube, and one-third grasp it crudely. At 24 weeks 
about one-half of them touch, and one-half grasp the 
cube. At 28, 32, 36, 40, and 52 weeks we may expect 
all infants to grasp the cube, if they really desire it. 
The distinguishing differences between these older in- 
fants is in the time actually required to grasp the cube, 
amount of cube displacement, number of adjustments 
necessary for a firm grasp, and the type of grasp. 

24. There are ten types of grasp which arrange 
themselves in a genetic series: (/») no contact, (b) con- 
tact, (c) the primitive squeeze, {fJ) the squeeze grasp, 
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(fi) the hand grasp, (f) the palm grasp, (g) the su- 
perior-palm grasp, (A) the inferior-forefinger grasp, 
(i) the forefinger grasp, and {}) the superior-forefinger 
grasp. 

25. The type of grasp determines the aim of the 
approach. The infant points his forearm directly at or 
above the cube to secure a palm grip, and he points 
his forearm at or above the near lateral face of the cube 
to procure a forefinger grasp. 

26. Older infants grasp the cube sooner after its 
presentation and, after touching it, secure a firm grip 
more quickly than do the younger infants. The former 
also make fewer adjustments, and displace the cube less 
in grasping it, and regard it less both before and after 
grasp. 

27. Infants from 16 to 28 weeks of age seldom grasp 
the cube from the S.M. position, while the older infants 
usually grasp it from this point. If we except the 16- 
weeks infants, who never grasp the .cube, we find in 
general that the number of unsuccessful attempts to 
reach the cube varies inversely with the age of the 
infiants. The 24-weeks group touch the cube oftenest 
without grasping it, and the number of grasps increases 
with age up to 28 weeks, after which the cube is usually 
grasped by all infants except when other cubes are 
present. No age group demonstrates clearly that one 
hiiiih'is preferred over the other in the prehension of 
thp cybibs. 

28« Twenty-eight weeks is the critical age in infant 
prehension. Infants at this age have the longest single 
regard and the greatest total duration of regard for the 
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cube. The hand begins to free itself from forearm con- 
trol in reaching for objects. Corralling is giving way 
to direct reaching, and the infant, instead of directing 
the entire hand toward the cube, is beginning to point 
his hand so that only the index and medius fingers will 
pass over the cube. The hand is losing its paw-like 
behavior in favor of finger manipulation of the cube, 
and a vital change from palm grip to active thumb 
opposition is occurring in the type of grasp. 

29. Infants often reach for and touch, and three of 
the older ones grasp, the presented cube when they al- 
ready hold a cube in the approach-hand. 

30. Up to 28 weeks of age the infant often invokes 
the aid of the second hand in grasping. 

. 31. Infants contact oftencr with the third cube than 
with the second cube but they do not grasp the third 
cube nearly as often as they grasp the second cube. 

32. Active thumb-opposition, which occurs only in 
the higher types of grasp, is a complex act which in- 
volves the coordinated action of three muscles and 
therefore appears relatively late in infancy. 

33. • The delay in the digital leadership of the fore- 
finger is perhaps due to the late maturation of its 
neuromusculaturc. 

34. The two most common forms of lifting the cube 
from the table are: (a) a purely elbow flexion and {b) 
a hand-elbow action, in which the hand, after grasping 
the cube, rotates on its ulnar edge before elbow flexion 
begins. 

35. The more ch.iractcristic rc.nctions to the cube 
by the infants of different ages arc as follows: At 16 
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weeks, infants follow the examiner’s hand after she pre- 
sents the cube, slide their hands about on the table, and 
often keep one or both hands on the table during the en- 
tire situation. At 20 weeks, infants scratch the table, 
and attempt to get both hands about the cube after 
reaching with both hands simultaneously. If they suc- 
ceed in touching the cube, they either push it out of 
reach or simply hold it. At 24 and at 28 weeks, they 
approach the cube in a scooping manner, sometimes 
using both hands, and then corral and surround the cube 
or push it out of reach. After grasping the cube, they 
hold it, take it to the mouth, inspect the cube, and re- 
lease and regain it. At 32 weeks, the infants use the 
scooping approach to surround the cube, inspect it, take 
it to the mouth, release and pick the cube up again, 
and exchange it from one hand to the other. They 
often disregard the cube when there are other cubes 
present. At 36 weeks and at 40 weeks, the infants ex- 
ecute a number of bilateral approaches and shift the 
cube from one hand to the other. They also bring the 
cube to the mouth, simply hold the cube, inspect it, hold 
it with both hands, release and regain it, bang the table 
with it, exchange hands on it, execute a number of bi- 
lateral approaches, and hold it in both hands. The 52- 
weeks infants often put the cube down and pick it up 
again, bang the table, exchange hands on the cube, sim- 
ply hold it with one hand or both hands and inspect it, 
but do not bring it to the mouth. The 16-weeks infants 
do not, as a rule, reach the cube. 

36. From 16 to 36 weeks the range of activity of in- 
fants’ hands on or above the table top gradually in- 
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creases. From 36 weeks to 52 weeks the activity de- 
creases slightly. 

37. Prehension in infants progresses in a manner 
which indicates the presence of developmental behavior 
patterns. These patterns, which in early infancy ap- 
pear as very crude forms of reaching, grasping, and 
manipulation, develop gradually and observably into 
highly refined and integrated systems of sequential acts, 

38. The development of reaching and grasping af- 
fords excellent examples of the progress of maturation 
from the coarser to the finer muscles. The early ap- 
proach patterns consist largely of crude shoulder and 
elbow movements in which slow and somewhat angular 
action predominates, while the later approach patterns 
employ better directed shoulder and elbow action, in 
addition to wrist movements and hand-rotation, under 
the dominating influence of the forefinger and thumb. 
The early approach reveals a crudely functioning hand 
at the end 6f a poorly directed arm, while the later ap- 
proach reveals a well coordinated arm under the direct- 
ing influence of a pretty well developed prehensile 
organ. In grasping wc find at first a clawing type of 
closure in which the thumb is practically inactive and 
no digits predominate, succeeded by a nipping, press- 
ing type of closure the dominating factors of which 
are the thumb and forefinger, i.c., a crude palming 
movement giving way to a refined forefinger-tip grasp 
which includes precise placement of the digits upon the 
cube. 

39. The increase in the number of higher types of 
grasp and the increase in the amount and variety of 
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digital manipulation of the cube in infants from 16 to 
^2 weeks of age are due in part to anatomical growth of 
the digits of the hand, in part to maturation of its neuro- 
musculature, in part to training, and in part, perhaps, 
to increase in cutaneous sensibility of the finger-tips. 

40. This investigation demonstrates the applicabil- 
ity of the motion camera for the study of infant be- 
havior. 
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• STUDY OF PREHEN-SION (N INFANTS 285 

UNE feTUDE EXP6R1MENTALE DE LA PEAWENSION CHE^ LUS 
ENFANTS EN BAS AGE AU MOYEN DE NOTATIONS 
CINEMATOGRAPHIQUES SYST6\fA7‘IQUKS 

CgUe Gst utiG nnAlyae dc» notAtioftii cin^mQtogrnphiqucffi en mauve' 

^[c^t et difBBi cheque dich£ coniidiri pdf hd-m^mej de Id pr^hc/iildA deB 
cubes d'un pouce h cbarpic c6t^ par dcs ei)fdt)ts en bds Age. L'^tiidc se scrli 
de qndqnes tcchnirjuea phoiogrnphiquea pour unnlyJor ct r^soudre le com- 
portement bumfiJii en dea formed cic temps ct d'cspdce, Los sujets ont hi 
douzc on plus cnfonls Ag£a de IG, 20, H, 20j 32, 36, 40, el: do 32 semdines. 

II y A (]uatrc Btades dnns In prehension: (1) Celui oO I'on trouve Pobjet 
visuellement, (2) cclul ob I'on 6tcnd la main vers lui, (3) celui ob on Ic 
aaiait, et (4) celui ovl on le maiiipule, Une vuc d'en haut montre trois 
formes d^^tcndre la m&in. L’ordre dc lenr apparehce cliez les enfdnts des 
ages cit^B ci-dessus efit Ic Bulvant: (L) La courbe, la main tournee cn arri^rc, 

( 2 ) I'approche indirccte, qui inclut (a) la coiirbc lai^rale, la main lo-urnde 
en arri^re eulvle d'vm mouvement de retour dona la direction oppoa^e, (b) 
I'opproche tria Indlrecte h la maniire d’un ^Copo, et (c) I'approche un pey 
indirecte, eb (3) I'opproche dlrectc. Une vue lat^mle montre que lea tria 
jeuues enfants dtendent (a main pour lea objeta ou en faiaant gUsBor la moin 
sur la table ou en levant ct boisaant la main dc sorlc qu'eilq d^ent un arc. 
Les ehfnnta plus dg^s dtendent la main ''cn planapt" vers ie cube. II y a 
quQtre stades d^ojustement dona cetle action d'dlcndrc la main: (f) i'avance 
initiale, (2) Tavance Qcc6}6r66, o(i 1 q main ougmente br vitesBe en avanc, 
bien que la destination dc In moin ne soit pas encore determinable, (5) le 
stade d'allgneiTicnt, oO lo main attend de sotte que sa rrnle destination 
est tout A fait claIre, et (4) le dernier stade, oO la main prend Ja position 
de prehension. La manl^re (font un enfant (lent le pouce en 6tendant la 
main Indique quelque peu is msnil^re dont il saislra le cube. Si le pouce 
s'^tend en ded/ins, I'enfant saisirs le cube de aorte que le pouce s^oppOBcra 
gux doigts; si Je pouce s'opposera aux doigis; b\ Je pouce a'incBne en bas 
ou Be courbe sous la ppume, J'cnfnnt snisiru Ic cube sans VoppositlDn du 
pouce. Le d^veloppemcnt des nctSona d'6tendre la main et de saisir dosne 
d'excollentB exemples du prOgr6s de la maturation dea muscles grossiers & 
ceux qui sant plus fina. La premiere approche montre une main qui fonc- 
tionne grOBSidrement ou bout d’lin bras mnl dlrlgd, tandU quo U derni^re 
approche montre un brag bien Coordin6 sous I'lnUuence directricc d'un 
organc pr^henseur assez bien d6vcldpp6. Dana la prehension on trouve 
d'abord un type qui ressemble aux griEes, oh le pouce est un g^nSral inactif 
et ob Queuns doigts ne prfdomlnent, suivi d’un type qui pince et eerre, oh 
les facteurs dominants sont le pouce et I'index. 11 y a dix types de pre- 
hension lesquelg Be rangent en suite g6n6tique: (1) Nul contact, (2) le con- 
tact, (3) ruction primitive de eerrer, (4) la prehension au moyen de serrer, 

(3) ta prehension au moyen de In main, (6) la prehension au moyen de la 
paume, (7) la prehension aup6rieure au moyen dc Ja paume, (5) ia pre- 
hension mfdrieure au moyen de (Index, (9) la pt^Kension au moyen de 
i'index, et (10) in prehension supdrleurc flu moyen de I'index. 

Halverson 
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EINE EXPERIMENTELLE UNTERSUCHUNG DES FASSENS (PRE- 
HENSION) BEI SAEITGLINGEN MITTELS SYSTEMATISCHER 
KINEMATOGRAPHISCHER REGISTRIERUNGEN 
(Refcrat) 

In dicaer UiUersucUung wird motoriach wic tiild fucr llilcl die klnemato- 
graphiache Registrierung dcr Art imd Weiac nnQl;f8icrt, in dcr Sacuglingc 
Wuerfel ergrelfen, deren ScUen cin Zoll Inng Bind. Die Uiucrauchung 
fuehrt einige photographisrhe Arlicitamclhodeii vor,^ wndiircK mcnachliche 
TaetigkcLt (human behavior) nnalyaicrt und in zcitlichc und rncumliche 
Formcn (pntlerna) zerlegt warden kami. Ala Verauchsperaonen dienten je 
zwoeJf Oder mchr SneugHiigc in jedem der folgcndcn Alter; 16, 20, 24, 28, 
32j 36, 40 und 52 Woehen* 

Daa Fnssen hot vicr Stufen: (1) Man faast clncn Gcgcnatnnd ina Auge, 
(2) Mnn langt dminch, (3) Man erfasst ihn, (4)^ Mon bohandclt ihn. 
Bctrachtet man ca von obcJi hcrab, so zclgen aich drei Formcn cica Langans 
(reaching). Sle craclieinen bci Sacuglingen der obenenvaehmen Altera in 
folgender Rcilicnfolge: (1) del raaclic 'FcgbcwcguHg init dem Ilnndriicckcn 
(backhand aweep) ; (2) die woitschweiiigc Annachening (circuicoua ap- 
proach) cinacldicasend (a) die sciiiichc Fegbewegung mit dem Hnnclmccken, 
der eine Bewegung In der ciltgcgcngescLzten Rlchtnng folgt; (ii) die sehr 
weitsch wflifi^e zuanmmenacliarrendcn (scooping) Annnehcriing, (r) die 
nur etwns wcuacliwcifige Annnehcrung; und (3) die dtrekte Annachcrung, 
Bcschouung von der Seltc erweist, dnss sehr jnngc Sncugllngc, wenn sic 
nach Gejgcnstaendcn inngen, entweder die Hand iicber den Tiach hingleiten 
iasaenj oacr die Hand so heben und sonken, claaa sic cinen Bogen bcachrcibt. 
Aeltere Saeugllngc lassen die Hand dem Wucrfel entgegen glcitcn (plane), 
Ea eiht vier Stufen der Anpossung bei dom Langcn ; (1) clna nnfitcnglichc 
Vorruecken (initial advance), (2) dns bcachlcunigtc Vorruecken, wobci die 
Hand die Schnelllgkelt ilirer Vorwacrtabewegung bcachleunigt, obwohl daa 
Ziel (die BeatimmuQg) (destination) dcr Hand sick noch nicht crmiLicIn 
laesst, (3) die Stufe dea Geradcrichtena (alignment) woliei aich die Ilnnd 
so richlct, class Ihr cndliches Ziel nun nun nicht mchr frnglich ist, und 
(4) die kuiminicrende in der sich die Hand zum Fassen rich tee (sets 

itself for the grasp). Die Art, wic daa Kind beiin Langcn den Dnumcn 
haelt, dcutet iingefaelir an, wie ea den Wucrfel erfassen wird, Zeigt der 
Daumen nach innen, go wird das Kind den Wufirfel so crfnsscn, Uasa dcr 
Daumen dcii Fingern gegenueber 8teht Maengt der Danmen heruntcr oder 
kruemmt er aich uiiter (lie innere Handdneche, ao wird dcr Sitctigllng den 
Wu&rFel ohne Enigcgenaetzung dcs Daumena erfassen, Die Enlwickiung 
des Langeris und dcs Erfaasena gibt nuagezelchcUc Bciaplclc fucr das 
Forlschreiten dea Rcifens von den groeberen zu den fcicren Miiakcln. Die 
fruchc Aoiiachcrungswcisc nIFenbart cine ungcschlifFcii funktionierende 
Hand nm Endc elnes achlecht gelenktcn Armes, waohrend die spnetere 
Annaerherungsweiae eiiien gut koordinlerten Arm untcr dem Icltendcn 
Einduss clues ziemlich gut cniwickcken Grifforgans (prehensile organ) 
offenbart. EeliTi Langcn findet man zuerst ciii krnllennriigGa Schllcascn, 
wobei der Daumen fast bcwegiingslos iai und keincr der Finger vorhcrrsclit, 
und danacli clnc nippemie, pressende Art dca Schllcsaciis, deren Ilniiptbcst^ 
ondteilc der Daumen und Zuigcfindei' sintl. Es glht zeJm Aricu doB Fnaaens, 
die sich in clner gcnctischcn Rcilicnfolgc miordncn inssen: (1) Keinc Her- 
uehning, (2) Bcruchrung, (3) primitives Quetsehen (aqueeze), (4) Qiiet' 
schendes Crgrclfon (squeeze grasp), (5) Ergrcifcn mil dcr Ilniul (hniul 
grasp), (6) Ergreifcn mit der inncrcn HantUlacchc, (7) dna hocheratclicntic 
Ergreifen mit dcr inncrcn, (8) dna ticferstchendc Ergreifcn mit dem Zeige- 
fingcr, (9) daa inlulcre Ergreifcn mit dem Zeigefinger und (10) dng 
hoeheratehende Ergreifcn mit dem Zcigefingcr. Halverson 
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I 

INTRODUCTION 

The position of the cat in the field of anijnal intelli- 
gence is not nearly so well defined as is that of the white 
rat or the monkey. Certain investigators have con- 
firmed the popular opinion that cats are rather stupid 
animals. Others have maintained that if cats be given 
problems suitable to their motor equipment they will 
solve them readily and prove themselves to be as in- 
telligent as many of the “higher” animals. On the one 
hand, Thorndike (23) holds that cats are able to master 
problems only by a slow trial-and-error process, are 
unable to profit by being put through an act, and in- 
capable of intelligent imitation and reasoning. He 
found the cat, as did Hamilton (9), to be generally 
less intelligent than the dog and considerably below the 
monkeys in the manner and speed of problem-solving. 
Shepherd (18), and likewise Drescher and Trendelen- 
burg (7) , also regard cats as incapable of making use 
of tools and therefore inferior to monkeys and the 
higher apes. 

Hobhouse (11), on the other hand, discovered no 
essential difference in the learning capacities of the dog, 
elephant, cat, and the otter. Yarbrough (26) found, 
in the the learning stage of a delayed response, that 
his cats were far superior to Hunter’s dogs and equal 
to the best of Hunter’s raccoons. While he did not 
obtain as long delays as those previously secured on 
raccoons and dogs, Yarbrough did not attempt to reach 
the limits of the cat’s ability in this respect. The long 
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delays obtained by Cowan (5) seem to indicate that 
her cat was equal to raccoons in this type of problem. 
The remarkable delays successfully spanned by Adams’ 
(1) cats would place them in a class with the larger 
apes. Certain psychologists, namely, Hobhouse (11), 
Berry (2), Teyrovsky (20), and Adams (1), have 
found, in opposition to Thorndike (23), that cats are 
Capable of imitation, and they believe that Thorndike’s 
explanation of trial-and-error learning is inadequate, 
Hobhouse and Teyrovsky concluded that cats learn by 
perceiving relations and making use of practical ideas. 
Adams thought that the behavior of his cats, in several 
cases at least, showed the presence of practical or even 
of articulate ideas, 

Evidence bearing on the intelligence of cats from 
which the above conclusions were obtained comes 
mainly from four sources; (n) problems in which the 
subject was tested in some sort of problem situation 
with no outside help, {b) problems in imitation, (c) 
problems in which the cat was put through the required 
act, and {d) problems of the delayed-response type. 
A summary of the studies dealing with these several 
types of problems are presented in Tables 1, 2, 3, and 4. 
It is not unlikely that the differences of opinion noted 
above are due in part to the type of activity tested and 
to other essential differences in the experimental condi- 
tions, A brief analysis of this material will be offered 
with the aim of bringing out diversities of this sort. 

In the majority of learning tests with no outside help, 
the animals have been required to operate various de- 
vices, such as pulling a string, pushing a bar, rolling a 



THE LIMITS OF LEARKING AMLITY JN KITTENS 


295 


ball, upsetting a tumbler, pressing a lever, or going to 
a particular box or door. In few cases were these tests 
made with standardized problem boxes adapted to the 
presentation of tasks of varying difficulty by means of 
which the limits of learning might be found. The 
nunrber of subjects used in the various experiments was 
usually so small that only a description of the behavior 
of individuals rather than of group averages could be 
reported. As will be seen from Table 1, the average 
number of animals used in any single test was 4, with a 
range of from 1 to 12 animals. The cats used by 
various experimenters ranged in age from 8 weeks to 
6 years. They also differed markedly in the amount and 
type of their previous laboratory training. Some ani- 
mals were given no preliminary training in problem- 
solving while others had been trained previously on 
from 1 to 10 other problems. 

The incentives used varied with the experimenter, 
and sometimes they were not kept uniform within the 
same set of tests. Food such as fish, beef, or liver, 
served as the reward in many of the problems. In some 
cases the kind of incentive was not mentioned, and in 
others it varied with different animals in the same test. 
The length of the interval between feeding and run- 
ning was not even approximately the same in the 
various experiments. Thorndike states merely that his 
animals were hungry, Adams starved his cats 14 hours 
or more, while Teyrovsky used either 8 or 12 hours of 
starvation. Hobhouse noted that his cat obtained food 
for itself in between the experiments; Hamilton always 
fed the subjects a bit of food just before the experiments 
so that their hunger would be “partially appeased.” 
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The number of trials at a practice period ranged 
from 1 to 30, while the temporal interval between the 
periods was as short as 20 minutes or as long as 2 weeks, 
In certain experiments no norm of mastery was given, 
but when reported it varied from 1 to 20 successive 
perfect trials. In some instances failure on one trial 
was taken to naean lack, of capacity to learn, whereas in 
other cases from 2 to 13 successive failures was sup- 
posed to indicate such lack of capacity. When a time 
norm was used, the time, per trial allowed for success 
ranged from 2 to 30 minutes or even longer. 

In the imitation tests (Table 2) some experimenters 
put the two animals together in the same cage while 
others separated the imitator and imitatee. The imita- 
tor was given training in the particular problem in 
certain experiments before it was tested for imitation. 
Sometimes the imitatee was a cat, sometimes a dog, and 
sometimes the experimenter himself. The imitatee per- 
formed the required act with the possibility of being 
observed by the imitator from 2 to 221 times in various 
cases. The norm of mastery ranged from requiring 
the imitator to perform the act precisely as done by the 
imitatee to requiring it merely to execute the act more 
quickly than it would have done without observation. 

In testing for delayed response (Table 3) two main 
methods were used, In the one method a conditioning 
process to light, sound, or to the experimenter himself 
was first secured, after which delays of varying inter- 
vals were introduced. This method was used by Yar- 
brough and by Cowan. In the other, employed by 
Adams, the conditioning process was eliminated “by 



THE LIMITS or LEARNING ABILITY IN KITTENS 


305 


using the act itself of loading the correct box as its 
indicator.” This latter method seems to have worked 
out very satisfactorily and the method itself no doubt 
partially accounts for the higher indices obtained in 
this case. 

The two experimenters who used the tuition method, 
i.e,, putting the animals through the required act 
(Table 4 ) , in the main used the same technique. Since 
this is true, and since the results obtained were negative 
in all tests, no discussion of these data would seem to be 
necessary. 

In general, the present experiment may be thought 
of as a continuation of the line of tests summarized in 
Table 1. As we have suggested above, however, the 
experiments there listed may be criticized because of 
the small groups of animals used and the lack of 
standardization of apparatus and procedure. In the 
present experiment we have used groups of such size 
that statistical analysis becomes possible, a type of re- 
sult which contrasts sharply with the mere descrip- 
tions of individual animals which characterize the 
work of previous investigators. Such analysis enables 
us to draw conclusions regarding cats in general vs. 
individual animals. We have also succeeded in stand- 
ardizing the apparatus and procedure beyond any 
point heretofore attempted. For example, most inves- 
tigators have secured increases in complication of the 
problem by multiplying devices of various sorts, in- 
volving divergent action systems. Under such condi- 
tions it is quite impossible to compare the relative 
complexity of the series of tests employed. We have 
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avoided this difficulty by making use of an apparatus 
in which regular increases in difficulty could be secured 
without making use of more than a single action system. 
The basic reaction employed, that of stepping on a 
plate in the floor of the cage, is one that can be utilized 
in the study of many other species and hence fulfils the 
conditions for comparative studies in this respect. 



II 

METHOD AND PROCEDURE 

Apparatus. The apparatus used in the experiment 
was described by Jenkins (12), but has hitherto been 
unused in animal experimentation. The significant 
parts of the apparatus are as follows. The test cage 
consisted of a round, smooth, whitepine wood floor, 
free from knots, 135 centimeters in diameter, and 
painted battle-ship gray. It was completely surrounded 
by sides of J^-inch wire mesh, 45 centimeters high, and 
covered with a flat roofing of the mesh. The test cage 
thus formed (Figure I) was shut off from a round 
inner area, the incentive compartment (F in the figure) 
by similar screening that likewise extended from the 
floor to the top of the box. Both the test cage and the 
incentive compartment had doors 15 centimeters in 
width and height. On the floor of the test cage were 
three plates, 1, 2, 3, spaced as shown in Figure 1. These 
plates were raised I centimeter above the floor, and 
were of the same material and color as the floor. The 
diameter of the incentive compartment was 45 centi- 
meters, 1/3 that of the test cage, and of the same height. 
The diameter of the plates was 15 centimeters, 1/3 the 
diameter of the incentive compartment, and 1/3 the dis- 
tance from the outer siding to the inner. 

The following mechanism of control was used, The 
outer door, o, which served as entrance to the problem 
situation, was opened and closed manually by the ex- 
perimenter. The inner door, t, was held shut or was 
allowed to slide back automatically by the operation of 
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FIGURE 1 

Diagram oj? the Floor Plan 


an electro-magnetic device. The opening of this door 
gave the animal in the outer part free access to the 
incentive which the inner cage contained. Before the 
inner door was noiselessly released the cat had to react 
by touching one or more of the release plates as de- 
termined by the experimenter. The apparatus could 
be so adjusted at the switchboard, located about S feet 



312 


GENETIC PSYCHOLOGY MONOGRAPHS 


from the problem box, that the simple act of stepping 
on any one of the three plates would result in the open- 
ing of the inner door. By means of three relays it 
could be so adjusted that only a complicated pattern of 
reactions would bring about the desired result.^ For 
example, the animal might be required to react to the 
plates in the order 3-2-1, or in the order 1-2-3. The 
experimenter merely had to set the apparatus so that 
only the appropriate acts would result in the opening 
of the door. The cat might be required to touch all of 
the plates twice in this order, 1-2-3, 1-2-3, or in the 
order, 3-2-T2-3-1, or 1-3-1-2-3. Theoretically, the 
range of complication permitted by the apparatus was 
almost unlimited. Practically, the use of the apparatus 
was limited by the ability of the animal and by the 
patience of the experimenter. 

The reaction plates were strung with fine copper 
wires so that electric shock could be used if desired. 
The mechanism used in controlling the electrical stimu- 
lation supplied to the plates was the same as that used 
in the Columbia obstruction apparatus of this labora- 
tory (13). The problem box stood 45 centimeters 
above the floor. Daylight was excluded from the room 
in which the apparatus was located, the sole illumina- 
tion of the box being a metal shaded 100-watt Mazda 
bulb that hung 9 centimeters above the center of the 
box. The experimenter sat at the switchboard, which 
was lighted by a I -watt signal lamp. The experimenter 
was excluded from the view of the subject by a one- 
way light screen completely surrounding the box. 


*For a complete description of the mechanism of control see (12). 
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TABLE 5 ' 

Animals Used in Preliminary Tests 


Animal 

Sex 

Siblings 

Gencj-fll 

description 

Age in weeks at beginning 
of problem 

12 3 + 

A 

M 

DJ 

black^whitc 





B 

M 

I 

black 



9 


G 

M 

E 

fDDltese 




a 

D 

M 

A,J 

brown fabb)' 




s 


M 

c 

maltese 




8 


M 

G 

orange 




9 

G 

F 

F 

brown-orange 




9 

H 

F 

K 

gray 




9 

I 

F 

B 

black 


• 


9 

J 

F 

A,D 

black- white 




8 

K 

F 

H 

brown tabby 




9 

L 

M 


brown 


9 



M 

M 

N,S 

black-white 


9 



N 

M 

M,S 

black 


9 



O 

F 


gray-whife 


9 


1 

P 

F 

R,T 

black- white 


9 



Q 

F 


brown tabby 


9 



R 

F 

P,T 

black- white 


9 



s 

F 

M,N 

black-white 


9 



T 

F 

P,R 

black-white 

9 




Av. 





9 

8.5 

8,6 

Range 






8-9 

B-9 


Subjects, The subjects of the experimeat included 
82 cats, 45 males and 37 females, secured from a local 
pet store. All of them were common short-haired cats 
of various colors and markings, as indicated in the brief 
description of them in Tables 5 and 6. With the ex- 
ception of two litters that were born on boats coming 
from Texas and Argentina, all the animals were born 
and reared in New York or vicinity. In the beginning 
of the training series all cats were between 8 and 9 
weeks of age. Since some of them were carried through 
more problems than others, and since some learned 
more quickly than others, their ages at the end of the 
training period differed by weeks or months. 
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Throughout the experiment, which extended from 
January, 1929, to May, 1930, there were from 12 to 
30 kittens constantly housed in the laboratory. They 

TABLE 6 

Animals Used in Various Experiments 


Mnics 


No. 

Siblings 

GcncraJ 

description 

Age in weeks at beginning 
of step: 

1 11 111 

1 

33»76 

brown-wliile 

8 

9 

10 

2 

26, 30, 3 

brown tubby 

S 

9 

10 

3 

2, 26, 30 

black'Wliitc 

8 

10 

11 

+ 

10, 55 

blnclc-wliite 

9 

10 

10 

5 

59 

brown-white 

9 

10 

10 

6 

6, 20, 51 

black- white 

9 

10 

10 

7 

52> 53, 54 

black-while 

8 

9 

10 

% 

17, 27 

black-whUc 

8 

9 

10 

9 

34 

black 

8 

10 

11 

10 

4>5S 

brown- white tabby 

9 

10 

10 

11 


gray-bluc 

9 

10 

11 

12 


black-wliitc 

9 

10 

11 

12 


brown-tnbby 

9 

11 

11 

14 

31,69 

black-white 

9 

10 

11 

15 


brown-tnbby 

9 

10 

10 

16 

18, 84 

brovvn-tjibby 

9 

10 

11 

17 

8, 27 

black -white 

8 

9 

10 

IS 


brown-tnbby 

9 

10 

11 

19 

61 

gray- white 

9 

11 

11 

20 

6,51 

white 

9 

10 

11 

21 

64 

brown tabby 

9 

10 

ID 

22 

24,75 

brown tnbby 

9 

10 

10 

23 

35 

white 

9 

10 

11 

24 

22,75 

black 

9 

10 

10 

25 

73 

brown tabby 

9 

10 


26 

2j 3,30 

brown tabby 

8 



27 

9, 17, 27 

black 

9 



28 

29,71 

black 

9 

10 

10 

29 

28,71 

black 

9 



30 

2, 3,36 

brown tabby 

8 

10 

n 

SI 

14,69 

binck 

9 



32 


orange 

9 

10 


33 

1,76 

brown tnbby 

8 

10 

11 

H 

9 

orange-white 

9 

10 

11 

35 

23 

while 

9 

11 


36 


brown-white tabby 

9 

10 

10 

Av. 



8.7 

9.9 

10.5 

Range 



8-9 

9-11 

10-11 
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TABLE 6 {continued) 


No. 

Siblings 

Females 

General 

description 

Age in weeks at beginning 
of step : 

I II III 

51 

6, 20 

black- white 

9 

10 

10 

52 

7, 53, 54- 

black- white 

a 

9 

10 

53 

7. 52, 5+ 

black- white 

8 

9 

10 

54 

7p 52, 53 

gray 

8 

9 

10 

55 

4, 10 

brown tabby 

9 

10 

11 

56 


gray 

9 

11 

12 

57 


brown tabby-white 

9 

10 

10 

5B 

67 

red-brown 

9 

10 

11 

59 

5 

gray-white 

9 

10 

11 

60 


gray tabby 

9 

10 

10 

61 

19 

gray-white 

9 

10 

10 

62 


orange 

9 

10 

11 

63 


black-orange 

9 

10 

10 

64 

21 

brown-white tabby 

9 

10 

10 

65 


or ange-black-w Kite 

9 

10 

11 

66 

74 

black 

9 

10 

11 

67 

58 

brown tabby 

9 

10 

11 

68 


black-white 

9 

10 

10 

69 

14,31 

black 

9 

10 

11 

70 

43 

brown tobby 

9 

10 

11 

71 

28, 29 

brown tabby 

9 

10 

10 

72 


black 

9 



73 

25 

brown-white tabby 

9 



74 

66 

black 

9 



75 

22, 24 

brown tabby 

9 

10 

10 

76 

1,33 

black- white 

9 

10 

10 

Av. 



8.9 

9.9 

10,4 

Range 



8-9 

9-11 

10-12 


lived in four heavy wire cages, each of which was 
3x6x3 feet in size, in a large northeast room, near the 
experimental chamber on the tenth floor of a university 
building. In the cages were shelves, boxes, pans, cups 
of water, but no food during the period between tests. 
All kittens had access to food twice daily for about an 
hour at a time following experimentation. During 
these periods they were allowed the freedom of the 
room, both inside and outside the living cages. 
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The morning meal consisted of some one or more of 
the following: cooked cereal and milk, thick soups, 
custard, bread and milk, raw eggs, creamed salmon, 
and rice. The evening meal was mainly one of cooked 
or raw meat mixed with cereal and fresh vegetables. 
The following combinations of food were often given 
them: beef stew; liver, boiled and ground, with rice 
and chopped raw spinach; gizzards cooked with 
macaroni and chopped lettuce; whole raw beef heart; 
cooked chopped beef with cream of wheat and celery; 
cooked beef, bread, and spinach or tomato; and oc- 
casionally, fresh boiled fish or canned sardines, lettuce, 
and bread. Small doses of codliver oil were adminis- 
tered once or twice weekly because of its vitamine 
content. Garlic, cooked with the food, and lime water 
were given twice a week to prevent worms. To kill 
these parasites doses of vermifuge (M. and R. brand) 
were given every three or four weeks. The experi- 
menter had to watch constantly for signs of stomach or 
intestinal parasites which are a menace to all young 
animals, especially the carnivores. Several kittens suf- 
fered from various stomach disorders from time to 
time which were probably due in part to the presence 
of parasites. The majority of the kittens, however, were 
in excellent condition throughout the experimentation, 
as judged by their activity and playfulness, their 
weight, general appearance, the eagerness with which 
they attacked their food, and the type of stools. 

Distribniion of Fraclice, All kittens were brought 
into the laboratory at least one week before their train- 
ing periods were begun. This was done to adapt them 
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to the laboratory conditions. At the end of this time 
five preliminary trials initiated every cat into the prob- 
lem box. One preliminary trial was given every morn- 
ing and one every evening for V/i days. During these 
trials, each of which lasted for 5 minutes, the inner 
door was left open, allowing the kitten free access to 
the food within. The unusual condition of being put 
alone into a strange room and in a strange situation 
was somewhat offset by the presence of food. 

After the preliminary series was completed the train- 
ing series was begun with a single trial. Trials 2 and 
3 were given in the next running period, trials 4, S, and 
6 in the next, and trials 7, 8, 9, and 10 in the next. 
After these first 10 trials were finished, 10 trials a day, 
Sundays included, 5 in the morning and 5 in the eve- 
ning, were given to each kitten. The 5 trials were given 
in immediate succession. Each animal was tested at 
approximately 12-hour intervals and had been without 
food during the preceding 9-12 hours. The hours of 
experimentation were from 11;00 to 2:00 during the 
first 8 months, and 10 :00 to 1 ;00 throughout the last 8 
months. The kittens were rotated in the order run so 
that no animal would be crowded out of its eating 
period. Thus an animal would be taken first at one 
period, second in the next, third in the next, etc. No 
kitten was allowed to eat food or have the freedom of 
the room until after it had been tested. When all cats 
were run and after the last had had access to food for 
from 10 to 30 minutes they were put back into their 
cages, from which the food was removed. 

Incentives, Fresh chopped beef and canned or fresh 
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milk were used as rewards in the problem box. Success 
in any trial was rewarded by a bit of the beef or a lap 
or two of the milk. Early observations of the animals 
in their living quarters indicated that the cats’ drive 
for raw beef was greater than for almost any other food, 
and that they did not easily tire of it. In fact, it was 
repeatedly observed that the kittens, even after they had 
eaten a quantity of the rations put out for them and 
were active in various parts of the room, would run to 
the experimenter if she entered with some raw beef, 
A few bits of the remaining beef were often brought in 
at the end of the experiment to lure the animals to one 
place and thereby catch them quickly. They would 
jump around climb up the experimenter’s clothes and 
paw at the bits of beef in a very active manner. Al- 
though milk was selected but rarely in the problem 
box it was always present as a possible reward. Oc- 
casionally a kitten, especially a very young one, con- 
sistently refused beef and other meat whenever it was 
offered to it. Three or four of the 82 animals usually 
lapped the milk and refused the beef, All the others 
either disregarded the milk or only snatched a lap of 
it after having eaten the beef before the experimenter 
could remove it from the inner cage. That the motiva- 
tion was strong was further indicated by the fact that 
as soon as the experimenter entered the living quarters 
preparatory to beginning the experiment the cats began 
to mew loudly and to climb the sides of the cages. 
They would fall over one another in attempting to get 
out when she opened the cage door to remove one for 
testing. 
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Norm of Mastery. Before any animal was con- 
sidered to have mastered a problem it was required to 
solve it perfectly on 9 trials out of 10. In general, a 
perfect trial was one in which a kitten performed its 
act or acts directly upon being placed in the outer cage. 
A trial was not considered perfect if the animal went 
around the box one or more times before making the 
correct responses, if it touched or approached the 
wrong plate, or if it touched any plate more than once 
before reacting to another. The criteria of a perfect 
performance will be discussed in connection with each 
problem presented. No cat was allowed more than 5 
minutes on any trial. If it failed to perform the task 
within that time it was removed from the top of the 
box, directly above where it was at the end of the 5 
minutes, and was replaced in the box at the outer door 
for the following trial. The kittens were removed at 
5-minute intervals to prevent their acquiring the habit 
of sleeping in the problem box. From a few prelim- 
inary trials given to 3 or 4 subjects, we found that if an 
animal was left in the problem box for longer periods 
of time it usually spent the most of the time in washing, 
sleeping, or sitting. If the kitten failed on the last trial 
of the series of five it was put back into its living cage 
and was not allowed access to other parts of the room 
or to food for 30 minutes. This involved a certain 
punishment in the postponement of the usual freedom 
and access to the regular meal. 

The question arose as to what should be considered 
the point of final failure on any problem. We finally 
decided on two criteria of failure. Some kittens failed 
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consistently to secure the reward and would get so 
they would do nothing but sit in the problem box, We 
noted that no animal finally mastered a problem if it 
had failed in more than 50 successive trials. We con- 
tinued some kittens through 200 trials all of which were 
failures. A limit of 100 successive failures was set, 
therefore, as being sufficient to indicate complete 
failure. 

The majority of kittens were active from trial to 
trial and did not fail to get the reward in any consistent 
manner, Since no kitten that had not passed the norm 
of mastery by the 1000th trial ever learned it in the 
next 200 given it, 1200 trials were thought to be suf- 
ficient in the majority of cases. Although four or five 
kittens were given 1500 trials and still did not learn 
the problem, 1200 was usually considered to be the 
failing point. 



I 

III 

PRELIMINARY TESTS 

Before we tested our main groups it was necessary 
to ascertain in what order the several tasks should be 
given. Since no animals had been previously tried in 
this problem box we did not know whether it would be 
advantageous to begin with the simplest of situations 
and make the problems progressively difficult, or 
whether we should begin with a somewhat complex 
problem at the outset. In the preliminary investiga- 
tion to settle. this point, we set up four possible situa- 
tions, any one of which might be used as a first task to 
be mastered. They were as follows : (<t) requiring the 
animal to step on all 3 plates, but in no particular order, 
{b) requiring the animal to step on any 2 of the plates, 
in any possible order, (c) requiring the animal to step 
on Plate 2 only, and (</) requiring it to step on first 
any one plate, then any 2, and, finally, all 3 plates. 
Twenty kittens of the total 82 were used in the pre- 
liminary tests, as shown in Table 5. These several 
tests will be discussed in order. 

Task 1. One kitten only was put on the first pre- 
liminary problem. This kitten, one of the liveliest in 
the group, failed to learn the problem within a reason- 
able time. In fact, she succeeded in setting off all 3 
plates in the first trial only, although tested on 100 
trials thereafter. In trials 3, 6, 7, 13, 14, and 20, she 
did touch one or two of the plates, but after the 20th 
trial she touched no plates at all. She became more 
and more inactive from trial to trial; after the 25th 
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trial she merely sat near Plate 1, turned around, or 
mewed at the inner door. She usually went directly 
to Plate 1, settled herself immediately, and made no 
other movements until she was removed. Naturally, 
she obtained no reward except on the first trial, As 
this problem proved to be too difficult for this one 
kitten, we decided to try the other cats on one of the 
simpler tasks. 

Task 2. Eight kittens were tested on this problem. 
Three of the animals succeeded in mastering it by the 
S7th, 63rd, and 82nd trials. The five kittens that 
finally failed the problem behaved much as did the 
subject on Task 1. Although they were given from ISO 
to 200 trials one kitten failed to obtain the reward a 
single time, 2 failed to obtain it after the fifth trial, 
one after the 12th trial, and one after the SSth trial. 
In general, their activity decreased up to the 40th trial, 
after which there was practically no effort made. 

Task 3. This problem was meant to be much less 
difficult than either of the preceding ones. Only two 
kittens were tested on it. One of them made four suc- 
cessful trials (9, 10, 41, and 42), but failed completely 
in trials 43 to 142. After the 42nd trial he never touched 
Plate 2, although he stepped on Plates 1 or 3 in 1 5 of 
the remaining 100 trials. This kitten spent most of his 
time in climbing the walls of the cage, pawing the in- 
ner and outer doors, mewing, running around the inner 
cage, or merely sitting. The other kitten learned to 
react to Plate 2 on the 112th trial, after having failed 
in 30 of the first 70 trials. By the 112th trial he had 
acquired the habit of going directly to Plate 2 from 
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the left side (experimenter’s left) and pressing it with 
his left hind foot while facing the inner cage. This 
series of movements became very definite and precise. 
Since one of the two kittens failed to learn the problem, 
it was fairly evident that this task was too difficult to 
be used in the first approach to the apparatus. 

Task 4. Nine kittens were tested on what appeared 
to be the simplest possible series of problems the box 
afforded, i.e., stepping on any one of the plates; after 
this had been learned, stepping on any two plates ; and, 
finally, stepping on all three plates in any order. All 
of the kittens learned this progressive series. The first 
step of the series was mastered in 24 to 144 trials, with 
an average of 42 trials; the second step, in from 2 to 98 
additional trials, with an average of 42 trials; the third, 
in from 14 to 85 trials, with an average of 35.6 trials. 
The average amount of time spent in the learning of 
the series was 77, 83, and 24 minutes respectively for 
the three steps. Since all of the kittens learned to re- 
act, to the three plates when they took them in a pro- 
gressive order, we decided to use this general procedure 
in our experimental work. 
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TABLE 7 

Showing Total Trials, Number of Failures, anp Total 
Time in Minutes 


Steps I II III 

Animal TTinla FftiUirca Time Trials FalUirCB Time Trials Failures Time 


1 

34 

8 

73,2 

14 

0 

3.7 

98 

1 

53.2 

2 

63 

0 

40.6 

33 

0 

9.3 

48 

1 

39.7 

3 

136 

0 

58.6 

51 

0 

42,8 

41 

2 

36.1 

4 

49 

0 

28.5 

17 

0 

S .5 

30 

0 

9.2 

S 

9 

0 

12.1 

a 

1 

18.3 

32 

7 

63.1 

6 

40 

11 

121.6 

a 

0 

4,3 

2 

0 

>5 

7 

54 

6 

79.8 

2 ft 

0 

7.4 

56 

1 

51.6 

8 

30 

4 

50.2 

25 

0 

7.7 

65 

6 

77.2 

9 

13+ 

31 

210.7 

17 

0 

5.6 

37 

0 

16.4 

10 

55 

12 

115.2 

14 

1 

19.9 

27 

1 

33,9 

11 

20 

0 

lO.S 

57 

0 

30.4 

61 

0 

45.1 

12 

35 

4 

46.6 

12 

0 

2.4 

50 

0 

15,4 

13 

74 

3 

57.0 

12 

0 

3.7 

22 

1 

12.2 

14 

43 

3 

46.3 

37 

1 

16.6 

6 

1 

10,4 

15 

16 

1 

11.6 

3 

0 

.5 

53 

12 

93.4 

15 

53 

3 

55,6 

27 

2 

26.3 

25 

2 

19,7 

17 

31 

1 

47.4 

70 

1 

36.7 

34 

1 

34.1 

18 

35 

4 

55.0 

20 

0 

8.5 

71 

9 

89.8 

19 

63 

2 

37.8 

1 

0 

.1 

38 

1 

40.9 

20 

66 

39 

238.0 

22 

1 

26.1 

71 

a 

107.2 

21 

52 

33 

190,3 

3 

0 

1.1 

87 

2 

48.0 

22 

20 

4 

43.9 

7 

0 

1.6 

42 

0 

a.s 

23 

64 

3 

44,9 

47 

0 

11.7 

a 

0 

2,5 

24 

IS 

0 

16,8 

30 

0 

S.l 

40 

0 

9.8 

25 

39 

0 

18.4 

12 

0 

6.5 




26 

71 

6 

76,7 







27 

59 

3 

51,4 







28 

34 

2 

28.1 

32 

1 

28.5 

7 

0 

2.0 

29 

40 

1 

34.9 







30 

115 

4 

58.8 

41 

0 

16.0 

121 

13 

107.5 

31 

24 

0 

15.2 







32 

30 

0 

32.2 

10 

0 

2,7 




33 

69 

2 

42.3 

42 

1 

30.7 

45 

2 

37.1 

34 

SI 

1 

41.0 

41 

0 

16,7 

SO 

0 

22,3 

35 

63 

4 

57.9 

1 

0 

.1 




36 

42 

14 

96.4 

5 

0 

2.4 

18 

0 

11,8 

51 

19 

1 

22.2 

4 

0 

1,9 

1 

0 

,2 

52 

43 

1 r 

37.3 

26 

0 

11.0 

16 

0 

10,1 

53 

40 

22 

138,5 

16 

2 

18.1 

21 

0 

10.2 

54 

53 

29 

170,9 

21 

2 

16.3 

16 

0 

5,9 

55 

34 

0 

11.6 

47 

0 

16.7 

33 

3 

36,6 

56 

61 

20 

152.9 

69 

7 

71.8 

23 

0 

15,9 

57 

47 

7 

109.2 

1 

0 

.1 

3 

0 

.7 

58 

46 

0 

47.0 

26 

0 

4.8 

55 

0 

13.4 

59 

40 

6 

91,8 

29 

0 

ft ,5 

92 

1 

38.4 

60 

27 

0 

18.2 

36 

0 

11.2 

28 

0 

8.1 
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TABLE 7 (^continued) 

Showing Total Trials, Number of Failures, and Total 
Time in Minutes 


Steps I II III 

Animal Trials Failures Time Trials Failures Time Trials FnLlureB Time 


61 

28 

5 

61,5 

9 

0 

3.9 

21 

0 

12.5 

62 

23 

1 

44.9 

27 

0 

10.0 

10 

0 

3.4 

63 

18 

2 

22.3 

1 

0 

.1 

4 

0 

1.3 

64 

30 

3 

40,0 

6 

0 

2.7 

24 

2 

24,0 

65 

58 

0 

33.6 

32 

0 

13.0 

23 

0 

10,8 

66 

33 

0 

21.1 

17 

0 

5.3 

22 

0 

19.9 

67 

62 

6 

110.1 

6 

0 

1.3 

80 

0 

15.9 

6 % 

36 

7 

59.4 

4 

0 

1.7 

59 

1 

29.5 

69 

20 

0 

13.2 

35 

0 

8,9 

56 

0 

29.4 

70 

41 

8 

80-7 

10 

2 

23.1 

29 

3 

26,4 

71 

23 

3 

48.6 

1 

0 

.2 

1 

0 

.2 

72 

52 

21 

137.5 







73 

23 

2 

35,1 







74 

18 

0 

9.1 







75 

17 

1 

8.7 

5 

0 

2.6 

37 

1 

23.3 

75 

50 

14 

131.9 

15 

0 

4,4 

35 

2 

32,1 


learned the first step in from 9 to 136 trials, the second 
in from 1 to 70 trials, and the third in from 1 to 121 
trials. The time scores show a large range in the first 
step, i.e., 8.7 to 238 minutes, but much smaller ranges 
in the second and third steps, the range for the second 
being 0.1 to 71.8 minutes, and the third, 0.2 to 107.5 
minutes. If we exclude the four extreme scores in each 
step we find that the range in trial scores in Step I is 
decreased 48%, the range in Step II, 31%, and that in 
Step III, 33% ; while the range in time scores in Step I 
is decreased 37%, the range in Step II, 60%, and that 
in Step III, 29%. These figures show that the wide 
variability in the several criteria of learning was 
greatly increased by a few individual animals. This 
fact should ’’be remembered in connection with the 
indices of variability shown in Table 9. As a matter 
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TABLE 8 

Frequbncy DrsTKHiUTioi^s Covering Total Trials and Total 
Timb in Minutbs 


Trials 

I 

Steps 

U 

m 

Minutca 

I 

Stepi 

IX 

1-3 


7 

4 

0-+ 


22 

4-e; 


6 

2 

5-9 

2 

U 

7-9 

1 

2 

1 

10-14 

5 

5 

10-12 


7 

2 

15-19 

4 

8 

13-15 


3 


20-2+ 

3 

1 

16-18 

5 

4 

3 

25-29 

2 

3 

19-21 

4 

2 

2 

30-34 

3 

2 

22-24 

4 

1 

5 

35-39 

3 

1 

25-27 

1 

5 

2 

40-44 

7 

1 

28-30 

4 

2 

3 

45-49 

5 


31-33 

2 

4 

2 

50-54 

2 


34-36 

6 

2 

2 

55-59 

7 


37-39 

1 

1 

3 

60-64 

1 


40-42 

6 

3 

3 

65-69 



43-^15 

1 


1 

70-74 


1 

46-48 

3 

2 

1 

75-79 

3 


49-51 

2 

1 

1 

80-84 

1 


S2-5+ 

4 


1 

85-39 



55-57 

1 

1 

3 

90-94 

1 


58-60 

3 


1 

95-99 

1 


61-63 

4 


1 

100-04 



64-66 

2 


1 

105-09 

I 


67-69 

2 

1 


llO-H 

1 


70-72 

1 

1 

2 

115-19 

1 


73-75 

1 



120-24 

1 


76-78 




125-29 



79-81 

1 


2 

130-34 

1 


82-84 




135-39 

2 


85-87 



1 

140-44 



88-90 




145-49 



91-93 



1 

150-54 

L 


94-96 




155-59 



97-99 



t 

160-64 



100-02 




165-69 



103-05 




170-74 

1 


106-08 




175-79 



109-11 




180-84 



112-14 




185-89 



115-17 

1 



190-94 

1 


lia-20 




195-99 



121-23 



1 

200-04 



124-26 




205-09 



127-29 




210-14 

1 


130-32 




215-19 



133-35 

1 



220-24 



136-38 

1 



225-29 







230-34 







235-39 

1 



UX 


1 


1 

1 

1 


2 
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TABLE 9 

Results of Basic Problem 

Coefficl- 

Avcrage Standard entof 



Median Average 

Range 

devia- 

tion 

devia- 

tion 

varia- 

bility 

Trials, IT] ales 

47.50 

Sup I 

S2.36 9 -136 

21.53 

39-24 

55.84 

Trials, females 

35.00 

36.92 

17 - 62 

12.88 

14-63 

39.62 

Trials, combined 

42.14 

46.69 

9 -136 

17.80 

25.28 

54.13 

Minutes, males 

48,30 

62.92 

10.5-238.0 

35.90 

52,71 

83.78 

Minutes, females 

45.00 

63.85 

8.7-170.9 

43.53 

49.39 

77,35 

Minutes, combined 

47,00 

63.31 

8.7-238.0 

38.73 

51.35 

81.10 

Trials, males 

20.00 

Step II 

24.68 1 -70 

14.34 

17.32 

70.18 

Trials, females 

17,50 

20.11 

1 -69 

13.38 

16.48 

81.92 

Trials, combined 

18.50 

22.59 

1 -70 

14.01 

17,23 

76.27 

Minutes, males 

8.10 

12.95 

.1-42.8 

9.96 

11.75 

90.70 

Minutes, females 

5.80 

10,76 

.1-71.8 

8.70 

14.75 

137,07 

Minutes, combined 

7,50 

12.05 

.1-71.8 

9.37 

13,05 

108.34 

Trials, males 

42.50 

sup III 

46.47 2 '121 

21.96 

27.96 

60,17 

Trials, females 

23.75 

30.54 

1 - 92 

18.32 

20.81 

68.14 

Trials, combined 

33.75 

39,42 

1 -121 

21.91 

27,37 

69.43 

Minutes, males 

33.75 

38.02 

.5-107,5 

24.78 

30.89 

81.24 

Minutes, females 

14.50 

17.28 

.2- 38.4 

9.30 

11.03 

63.83 

Minutes, combined 

19.20 

28.46 

.2-107.5 

20,07 

26.45 

92.93 


of fact, the majority of animals representing each step 
are grouped fairly close together in spite of the rather 
wide deviations shown in Table 9. 

The measures of central tendency and variability for 
the several steps of the basic problem are given in 
Table 9. The group averages show that Step II was 
the easiest for the kittens, and Step III next. Step II 
was reliably easier than either Steps I or III, both in 
terms of trial and time scores, as indicated in Table 10. 
The chances of a true difference greater than zero be- 
tween Steps II and I or between Steps II and III was 
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TABLE 10 

Rbliadiuty of the Difference between Average Scores 
Obtained on Steps I, II, and III of the Basic Problem 
AND between Males and Females on a Given Step 





Didcrence 

Chances in 100 of 

Groups 

Difference 

S,D, 

iiiS, 

a true difference 
greater than 0 

I-II (both sexes) 

24.10 

Trial Sevres 
3,96 

6M 

100.00 

I-III (both sexes) 

7.27 

4.97 

1.46 

93.00 

II-IH (both sexes) 

u.n 

4,45 

3.78 

100.00 

I, males-females 

15.44 

5.65 

2,73 

99.71 

IT, males-females 

4,57 

4.60 

.99 

84.00 

malea^femnles 

15.93 

6.77 

2.35 

99.05 

I-II (both gexen) 

51.26 

Tttne Scores 
6.75 

7.60 

100,00 

I'lII (both sexes) 

34.85 

7.50 

4.65 

100.00 

II-III (both sexes) 

16,41 

4.06 

4,04 

100.00 

I, malcs-fcni flies 

.93 

13.06 

.07 

53.00 

llj malcs-femolcs 

2.20 

3.69 

.60 

73.00 

111) rnales^females 

20,74 

6.17 

3.41 

100.00 


100 out of 100. According to the time criterion, Step 
III was reliably easier than, Step I, but, in terms of 
trials required, the chances of a true difference greater 
than zero between the two scores was found to be only 
93 in 100. The relative difficulty of the three steps is 
further shown by the fact that the average time spent 
on any trial in Step II was only 0.53 minutes, while that 
in Step III was 0.72 minutes, and that in Step I was 
1.36 minutes. 

We have already discussed the matter of the large 
variability in connection with Table 8. With the in- 
clusion of the extreme scores we see that the ranges 
were about three times as large as the medians and 
averages. While the A.D.'s and the S.D.h were small- 
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est in Step II, the coefficient of variability in the sec- 
ond step was somewhat larger than that in Step III 
and one-and-one-half times the size of that in Step I. 
This was due, of course, to the difference in the size of 
the average scores of the three steps. 

From Tables 9 and 10 we see that the females re- 
quired fewer trials on the average to learn each of the 
steps than the males. The females likewise required 
less time to master Steps II and III but about the same 
amount of time to complete Step I, Table 10 shows 
that in Step III only was there a reliable difference in 
time scores obtained between the males and females. 
In Step I the difference was practically zero, while in 
Step II the chances were but 73 in 100 of a true dif- 
ference greater than zero existing between the sexes. 
In terms of trials required to master the problem, the 
chances were 99.71, 84, and 99.0S in 100 of a true dif- 
ference greater than zero in favor of the females in 
Steps I, II, and III, respectively. 

The females showed less variability in Step I than 
the males, but greater variability in Steps II and III, 
with trials the measure of difference. In terms of time 
scores, however, the males, showed greater variability 
in Steps I and III but less in Step II than the females. 
Considering the basic, problem as a whole, therefore, 
we find no consistent trend in variability between the 
sexes. 

Figure 2 shows the average rate of learning the sev- 
eral steps in terms of the time scores. The different 
forms of the three curves bear out the total trial and 
time scores in showing that Step II was the easiest for 
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1 Z ^ ^ ^ 0 7 9 ^ JO 



FIGURE 2 

The Learning Curves for Steps I, II, and III of the 
Basic Problem 

The ordinate in ca'cH case represents the time in seconds. The 
abscissa represents successive tenths of the total trial score. The 
points on the curve were obtained by dividing the total trials of each 
animal into tenths and then combining and averaging the time scores 
for each tenth. 
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the kittens and Step I the most difficult. The curve 
representing Step I approaches a straight line, but 
shows an average drop of about 14 seconds in every 
tenth. The greatest single drop in Step I, 24 seconds, 
occurred in the second tenth. The next to the greatest 
drop, 21 seconds, occurred in the last tenth of the learn- 
ing process. The curves of Steps II and III start at a 
point equivalent to that reached in the eighth section 
of Step I, showing the presence of positive transfer 
effects. The downward trends were much less than 
the drop in successive tenths in Step I. The rises oc- 
curring in the composite learning curves of Steps II 
and III must have followed some brief carry-over 
effects from the preceding step. The carry-over was 
probably mainly one of motivation, as, toward the end 
of the learning of a step, the kittens were keyed up to 
obtaining the food very quickly upon being put into 
the box. As a result of this set they were not quite as 
likely to fail in the very first trials of the new problem 
as they were in the subsequent trials. The failures of 
a few kittens that temporarily lost interest in the prob- 
lem after the first few trials were enough to make the 
average time of the curves rise slightly at one place, 
In all cases, during the final successful trials of the 
norm the kittens were performing the required move- 
ments very speedily, requiring about 5 seconds in Step 
I, 8 in Step II, and 10 in Step III. 

We will now turn from a consideration of time and 
trial scores to the number and kinds of errors made and 
the speed of their elimination in the three steps. As 
indicated in Table 11, a total number of 3390 errors, or 



334 


GENETIC rSYCHOLOGY MONOGRAPHS 


TABLE 11 

Showing the Types of Errors* and the Distribution of 
Each in Steps 1 , 11 , and 111 


Types of Groups of trials 

errors 1-10 11-20 21-30 31-40 4I-i0 Sl-dO 61-70 71-80 Bl-I36t Total 


Sir/t J 


A 

12% 

8% 

2% 

3% 

2% 

2% 

0% 

0% 

6% 

6% 

B 

16 

IS 

11 

6 

6 

2 

3 

0 

4 

IX 

C 

13 

7 

12 

12 

12 

10 

8 

0 

13 

12 

D 

4 

6 

9 

9 

7 

6 

4 

3 

2 

6 

E 

35 

25 

24 

20 

19 

15 

7 

15 

13 

25 

F 

20 

39 

42 

50 

54 

65 

78 

82 

62 

40 

Total % 

lOO 

LOO 

100 

lOO 

100 

too 

100 

100 

100 

100 

Total errors 1078 

750 

600 

376 

224 

151 

74 

33 

104 : 

3390 

Total kittens 

62 

61 

50 

40 

28 

IS 

to 

5 

3 






Sict II 


. 




A 

0% 

0% 

0% 

2% 

0% 

0% 




0% 

B 

6 

3 

4 

2 

0 

0 




4 

C 

7 

6 

3 

Z 

3 

8 




6 

D 

0 

2 

2 

4 

5 

0 




2 

E 

U 

5 

7 

10 

0 

0 




8 

F 

25 

28 

36 

37 

38 ' 

41 




29 

G 

37 

38 

29 

26 

27 

38 




34 

H 

14 

18 

19 

17 

27 

13 




17 

Total % 

100 

100 

100 

100 

ion 

fOO 




100 

Total errors 

455 

228 

164 

73 

33 

26 




979 

Total kittens 

55 

31 

23 

12 

6 

3 









Step III 






A 

1% 

1% 

0% 

0% 

0% 

0% 

0% 

0% 

0% 

1% 

B 

5 

5 

4 

5 

4 

1 

0 

0 

0 

4 

C 

6 

12 

12 

10 

4 

Z 

2 

0 

6 

8 

D 

1 

1 

4 

t 

0 

0 

1 

0 

0 

1 

E 

7 

8 

5 

4 

1 

X 

0 

0 

0 

6 

F 

17 

14 

11 

13 

14 

14 

10 

4 

16 

14 

G 

51 

51 

56 

60 

70 

70 

83 

93 

76 

57 

H 

12 ' 

8 

8 

7 

7 

U 

4 

3 

2 

9 

Total % 

100 

too 

100 

100 

lOO 

100 

too 

100 

100 

100 

Total errors 

529 

421 

252 

192 

109 

68 

44 

23 

50 

1688 

Total kittens 

52 

43 

34 

25 

IB 

14 

9 

6 

4 



*The vprloufl typea of errora were as follows; A, climbing walls of cage; 
Bt noalng at or clawing outer doorj Cj sluing or washiiig; Dj playing with 
tail, pawing at shadow, jumping) rolling over, rubbing walls; nosing at 
or clawing Inner door or going back and forth from plates to Inner door; 
Ft running around inner cage one or more llmca, without stopping on pintc; 
G, stepping on any plate more than once before reacting to the others; 
Ht going up to a plate and turning back without nctnnily touching it. If 
the same error was made more than once in nn individual trial it was 
scored but once, 

The number of kittens naturally decreased in successive groups of trials 
for each step. The actual error scores redect iliia decrease. 
tFor Step III, 81-Ul. 
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54.7 per kitten, occurred in learning Step I, which was 

1.7 the number of errors made by the average kitten in 
Step III, and three times the number made in Step II. 
This difference in the number of errors emphasizes the 
relative difficulty of the three steps already noted under 
trial and time scores. If we examine the errors made 
in Step I, given in the table, we see that there were six 
types, the most common of which was that of running 
around the inner cage one or more times without step- 
ping on a plate. Next in importance to this error was 
that of nosing or clawing at the inner door or going 
back and forth from a plate to the inner door. Two 
errors less frequently made were those of nosing at or 
clawing the outer door, and sitting, or sitting and wash- 
ing. Playing and climbing the walls of the cage were 
errors made least often in Step I. 

Upon examination of their relative distribution in 
the successive groups of trials, we see that certain of 
the errors dropped out early and that other errors grew 
. relatively more and more important. It should be noted 
in this connection that in the first 40 or 50 trials of 
Steps I and III and in the first 30 trials of Step II 
we have the most reliable error records. Beyond these 
trials the kittens were relatively few in number, and 
averages based on their records do not indicate the 
trend of the whole group. For this reason we have 
lumped together in a single group the errors made in 
the last trials in each step where only three or four 
kittens had not learned the step. 

The first two types of errors listed in Table 11 were 
mainly associated with exploration of the box, and, as 
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they were in no way connected with securing the re- 
ward, they dropped out very soon. The error of sitting 
and washing persisted somewhat longer, though its 
relative importance did not increase after the first ten 
trials. The recurrence of this error was due, in part at 
least, to the fact that several kittens failed in many trials 
of Step I (see Table 7) . This meant that some of them 
were at length removed from the box after sitting sev- 
eral minutes and therefore developed habits of in- 
activity, possibly in order to be removed. A few 
kittens acquired certain habits of rolling over and over, 
and playing with their tails, etc., but these errors were 
not, on the whole, significant, even though they were 
relatively persistent. Probably this latter fact was due 
to their touching the plates occasionally in their play. 
The error of reacting to the inner door rather than to 
the plates was an important one in the first trials of 
Step I but gradually decreased in importance as in- 
dicated in Table 11. That this type of error was im- 
portant is not surprising since the act of running to the 
inner door had to be made in every trial immediately 
before getting the incentive. Flence, in many cases 
obtaining the reward was associated with running to 
the inner door rather than with the touching of a plate. 

The error of running around the box without touch- 
ing a plate increased from the first group of trials on 
until in trials 21 to 60 it was made as often as all other 
errors combined, The extreme importance of this error 
may be explained by the fact that the kittens often ran 
around the box and in the process touched a plate and 
received the reward. During many trials, perhaps, a 
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number of kittens merely were conditioned to running 
around the box rather than to stepping on a plate. For 
they would start on the run around the box as soon as 
they were put at the entrance, and, if the door did not 
open the first time, they would often stop momentarily 
at the inner door and then make the run again and again 
until a plate was hit in the excursion and the door 
opened. The persistence of this error and the dropping 
out of errors less closely connected with the act of 
securing food bear out Kuo's (16) finding that the more 
irrelevant acts drop out before the less irrelevant ones. 

The first five types of errors listed in Table 1 1, which 
made up 60% of the errors in Step I, were made only 
20% of the time in Steps II and III. This means that 
behavior unrelated to movements required in the solu- 
tion of the problem, such as climbing the walls of the 
cage, sitting, washing, clawing and nosing the doors, 
and playing, played but a minor role in the learning of 
the second and third steps. The sixth error, that of 
running around the box without touching the plates, 
likewise occupied a less important place in Steps II and 
III than in Step I, and a less important place in Step 
III than in Step II. Since the kittens were used to 
reacting to one plate by the time they had finished 
Step I, and used to reacting to two plates at the end of 
Step II, then, in advancing from one step to another, 
they would be less and less likely to run around the box 
without touching one of them at least. 

Besides the errors made in Step 1 there were two 
other types of errors that appeared in the learning of 
Steps II and III. These were stepping on any plate 
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more than once before reacting to the other one or other 
two, and going up to a pJate and turning back without 
actually touching it. The second of these was due to 
the kitten’s turning too quickly before he touched the 
plate, an exaggerated form of Type E, only with ex- 
cursions nearer the plates. This type of error was not 
so common as that of touching one plate more than 
once. About one-third of the errors of Step II and 
more than one-half of the errors of Step III were 
of this latter type. In Step I the kittens were used to 
having the door open when they touched a single plate, 
so, when in Step II the door did not open when this 
plate was topched, the reasonable thing to do, perhaps, 
was to touch it again. If in Step I they always went 
to a particular plate, they would be more likely to keep 
repeating this movement in Step II than if, in learning 
Step I, they sometimes went to one plate and sometimes 
to another. The fact that this error occupied a bigger 
place in Step III than in Step II was doe, no doubt, 
to the chances being greater in Step III of touching a 
plate already reacted to. For, after touching two plates, 
the kitten could go back to the first one touched or to 
the second one. In Step II, after touching one plate, 
there would he the alternative of touching one of the 
other two plates, either of which would be a correct 
response, or touching again the one just reacted to, A 
more complex set, therefore, had to be maintained in 
Step III than in Step II. As an aid in maintaining 
the set in Step II the kitten could probably see two 
plates at once, whereas in Step III he likely could not 
see all three at any one time. 
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As seen in Table 7, there were many more failures 
made in Step I than in Steps II and III. The number 
of trials on which failure was recorded were as follows : 
Step I, 0-39; Step II, 0-7; and Step III, 0-13. In 
terms of trials required to solve the steps, 13% were 
failures in Step 1, 2% were failures in Step II, and 
3.8% in Step III. The reasons for the difference in 
the number of failures made in the three steps may be 
found in the types and number of errors in the several 
steps. The fact that, more errors were made per trial 
in Step I was probably due to getting used to the box, 
when the habit of obtaining a reward had not been so 
well established. 

A slight sex difference is found in the number of 
failures made. In Step I, for example 11% of the 
trials of the males and 16.5% of the trials of the fe- 
males were failures. In Step II, 1.1% of the trials of 
the males and 3% of the trials of the females, and in 
Step III, 5.5% of the trials of the males and 1.9% of 
the trials of the females were failures. As noted above, 
failure on any trial meant five minutes spent in the 
box. The fact that the percentage of failures was 
greater for the females in Steps I and II than for the 
males explains in part why the total time required on 
these steps was not less for the females when their total 
number of trials was considerably less. 

The number of failures made by a kitten in the first 
and third steps may be taken as a general indication of 
their relative success in learning the two steps. Since 
only one kitten failed more than twice in Step II, the 
number of failures in this step cannot serve as such an 
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indicator. Ill Step I, however, we find that the highest 
quartile of kittens, in terms of trials required to solve 
the step, failed 4.96% of the time, that the second 
quartile failed 10.15%, the third quartile, 15.29%, and 
the lowest group, 19.37% of the time. 

In Step III the highest quartile failed 2.09% of the 
time; the second quartile, 2.23%; the third quartile, 
5.17%; and the fourth quartile, 4.3% of the time. 
While there were relatively fewer failures in the lowest 
quartile than in the next lowest, when we compare the 
upper and lower halves of the whole group we find 
that the former failed but 2.16% of their trials, while 
the latter failed 4.27% of the trials. 

The plates were reacted to in a variety of ways in 
Step I. They were as follows: {a) stepping on the 
plate with the fore paws or clawing the wires of the 
plate, thereupon turning back to the inner door, (6) 
running or walking across the plate and touching it 
with most of the feet, (c) touching it with one or both 
hind feet only, (d) falling on the plate, (e) playing on 
it, (/} touching the plate with the nose, and (g) sitting 
on the plate. The majority of the kittens, i.e., about 
80% of them, took either the first or the second 
methods. The third method was taken next often, but 
all the other four methods were employed no more than 
4% of the time. 

In general, the poorer kittens were more likely to take 
the second and third methods in Step I than were the 
better ones. The poorest quartile, for example, reacted 
in the first manner 35.47% of the time; the third 
quartile, 46.41%; the second, 59.65%; and the highest 
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quartile, 61.34% of the time. The poorest quartile took 
the second method in Step I 40.62% of the time; the 
next quartile, 30.53%; the second quartile, 24.84% and 
the highest quartile, 24.87% of the time. Again, the 
poorest quartile took the third method 20.807o of the 
time; the third quartile, 16.45% of the time; the next 
quartile, 10.97%; and the highest quartile, 11.43% of 
the time. 

Since the females took fewer trials on the average to 
learn the first step than did the males, we would expect 
them to have more often used the superior method of 
reacting to the plates. This they did 54.56% of the 
time, while the males took it 49.41% of the time. The 
females likewise used the second method less often than 
the males, but the poorer females took the third more 
often than the poorer males. This was due to the fact 
that one female. No. 56, very early developed the habit 
of touching the plates with her right hind foot. The 
others rarely did this. 

The movement of touching the plate with the fore 
feet and then turning back, rather than going on around 
the box or touching the plate with the hind feet, would 
seem to be the superior method in Step I, even though 
we did not know that the better kittens were more likely 
to take it. In the first method, more precise movements 
were made, the kitten was not so likely to pass over the 
plate, and a closer connection was made between the 
act of stepping on the plate and securing the reward. 
On the other hand, in touching the plate with the hind 
foot the kitten often would not make a precise reaction 
to the plate but rather would grope for it, moving back 
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and forth in front of the plate, pushing back, but many 
times not actually touching it 
The method of touching the plate with the hind feet 
only was used by cat No. 56 about 85 to 90% of the 
time in Steps II and III, but very rarely by any other 
kitten. In fact, the first two methods mentioned were 
used almost entirely in Steps 11 and HI. In the sec- 
ond and third steps the kittens began to use the second 
of the methods more frequently than the first. In 
Step II the plates were touched by the first method 
47% of the time and by the second 52% of the time. 
In the third step the plates were touched 32% of the 
time by the first method and 67% by the second. The 
increased preference for the second method over the 
first was to be expected in Steps II and III as it would 
be obviously inefficient to come back to the inner door 
after touching one plate before going on to another. 
Furthermore, if the kitten turned back to the inner 
door after touching a given plate in Steps II and III, 
it would be more likely to touch the same plate again 
than if it continued in the same direction. It is not 
surprising, therefore, that in Step III the better kit- 
tens were more likely than the slower ones to use the 
second method, nor is it surprising that the second 
method was more regularly taken in the latter half of 
Step III than in the first half. 

In Step I there seemed to be but slight preference 
for the right direction over the left, as indicated by the 
path the kittens took when they were started from the 
outer door. The former direction was taken 52,77% 
of the time and the latter 47.23% of the time. The 
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lowest quardle took the right direction 59.85% of the 
time, while the three upper quartiles took it from 49 
to 51% of the time. Since these indices do not differ 
greatly, it did not seem necessary to work over the data 
of Steps II and III to find whether one direction was 
more favored than another in these steps. 

There did, however, seem to be a preference for cer- 
tain of the plates in Step I. Plate 1 was touched about 
one-half the time; Plate 2, one-sixth of the time; and 
Plate 3, about one-third of the time. In general, the 
poorer kittens were more likely than the better ones 
to touch Plate 2, the latter being more likely to go to 
Plate 3. While there was but a slight difference in the 
relative number of reactions to Plate 1, Plate 2 was 
touched by the lower half of the group 20.99% of the 
time and by the better half, 13.90% of the time. Plate 3, 
on the other hand, was touched 29.51% of the time by 
the poorer group and 38.86% of the time by the better 
one. The females reacted to Plates 2 and 3 less often 
than the males, and more often to Plate 1. 

The kittens were not very consistent in the selection 
of plates in Step I. The males and females, better and 
poorer kittens, all went about the same percentage of 
the time to one special plate, i.e., 56.7%, In other 
words, some one plate was favored by a kitten so that 
he would go to it more than half the time and to the 
other two combined less than half the time. The eight 
poorest animals in Step II went to a particular plate 
on the average of 75% of the time during the last ten 
trials of Step I. The eight best kittens went 63 % of the 
time to one plate in the last ten trials of Step I. The 
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difference between these groups indicates possibly that 
those that were most likely to go to a particular plate 
in the final learning of Step I would be slower than 
the others In the learning of Step II. We find, on the 
other hand, that the better kittens in Step III were 
those that more often took one direction only in the 
last 10 trials of Step II, although they did not always 
touch the same two plates from trial to trial. 

We find no reliable correlation between the rank- 
ing of a kitten in one step and another of the basic 
problem by the Pearson method. The correlations ob- 
tained are as follows: Steps I and II, 0.252=i=0.086; 
Steps I and III, 0.18±0.09; Steps II and III, 0.064. 
This means that the ability of a kitten to master one 
step in the basic problem cannot be predicted from its 
score on another one. Nor does there seem to have been 
much relation between the number of failures made by 
a subject in one step in the basic series and another. 
In Step II, for example, only one cat failed more than 
twice. This cat, No. 56, failed Step I 20 times, Step 
II 7 times, and Step III 0 times. Only six kittens failed 
Step III more than 2 or 3 times. The failure records 
of these kittens on the three steps are as follows: cat 
No. 5 failed in Step I 0 times, in Step II once, and in 
Step III 7 times; No. 8 failed in Step I 4 times, in Step 
II 0 times, and in Step III 6 times; No. IS failed in 
Step I once, in step II 0 times, and in Step III 12 times ; 
No. 18 failed in Step I 4 times, in Step II 0 times, and 
in Step III 9 times; No. 20 failed in Step I 39 times, 
in Step II once, and In Step III 11 times; No. 30 failed 
in Step I 4 times, in Step II 0 times, and in Step III 
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13 times. While the kittens in general cannot be said 
to have been consistently good or bad in the several steps 
nor to have regularly gone to any one plate, they did 
tend to go in one direction and to step on the plates in 
the same way from one trial to another. 

Summary. At the rate of ten trials a day, it took 
the average kitten about 10 days to learn the several 
steps of the basic problem, No kitten failed to learn 
any one of the steps. Step II was the easiest and Step 
I the most difficult, judged by all our available meas- 
ures, namely, trials, time, failures, and errors. The 
females were found to bd somewhat superior on most 
of these counts. 

The wide variability present in the learning of the 
steps was found to be due mainly to the presence of 
several extreme cases. A few kittens were exception- 
ally slow in mastering the correct procedure and in 
eliminating excess movements. Several of these de- 
veloped bad habits which the average and superior 
subjects did not. For example, one animal chased its 
tail in many trials, going round and round after it as 
soon as it was put in the box. Another kitten rarely 
touched the plates with any but the right hind foot, 
making many errors in sliding back and forth in front 
of the plate before touching it. Some kittens took a 
long time to get started learning the first step because 
they steadfastly avoided touching the plates in the early 
trials, while others acquired the habit of rushing around 
the inner cage, sometimes touching a plate but many 
times missing some or all of them. Two kittens may 
not have been as well motivated as the others. One of 
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these, the slowest of all kittens when the trials of all 
three steps are added together, never ate meat, so was 
only rewarded by milk. The other kitten, the third 
poorest, had a sore foot for a part of the time. 

In general, the kittens that learned the steps in the 
shortest time made slower and probably more precise 
movements, were more likely to take a single direction 
from trial to trial, used more often a superior method 
of reacting to the plates, were less likely to touch Plate 
2, and more often faced the inner door as they touched 
a plate. No kitten was noted as having learned a step 
“suddenly” in the sense of having made a series of per- 
fect performances immediately following a first chance 
success, In a few cases there were, however, as few as 
six to ten random successes preceding a series of from 
five to nine perfect trials. In all of these situations the 
kittens were facing the inner door as they touched the 
plate accidentally and probably saw the door slide back. 
Sometimes they went immediately to the reward and 
sometimes they continued to play at the plate, pulling 
at the wires or pushing the paws under the plate. 

If we add up the trials required to learn the three 
steps by each kitten and compare the results, we see 
that three kittens took from 21 to 30 trials (2 to 3 days 
for all the steps), 14 from 51 to 80 trials, 17 from 81 
to 120 trials, 14 from 121 to 170 trials, 3 from 181 to 
230 trials, and one, 271 trials. Therefore, although we 
found no reliable correlation between a kitten’s stand- 
ing on one step and another, there is no doubt but that 
some of the kittens were superior to others, generally, 
in the solution of the basic problems. 



V 

RESULTS OF THE ADVANCED PROBLEMS 


Advanced Problem A. The first of the advanced 
problems was simply a continuation of the steps of the 
basic problem. Just as in the basic problem, there was 
no specific order required in the various steps, the gen- 
eral problem being to learn to react to as many plates 
as possible, step by step. Therefore, as soon as a kitten 
learned to touch the three plates in Step III, it was 
put on Step IV, in which four plates must be touched, 
then on Step V, in which five plates must be reacted 
to, then Step VI with six plates, etc., until the animal 
could advance no farther. In this way the limits of its 
ability were measured by the number of plates that it 
could react to in securing the food. 

In Step IV of this problem the inner door opened if, 
after having touched three plates, the kitten stepped on 
a fourth plate which was different from the last one 
touched. For example, the inner door opened after 
the kitten reacted to plates 1-2-3- 1 or 1-2-3-2, but it did 
not open if the series was reacted to in this way, 1 -2-3-3. 
As in Step III, the kitten could begin at any one of the 
plates from trial to trial and could proceed in either di- 
rection. In Step V, another plate must be added with 
the same provision. In this step the three plates must be 
touched first and then two of them again, for example, 
1-3-2-1-3 or 3-2-1-2-3. In Step VI, another plate must 
be added which meant that the kitten must touch all 
three plates once and then once again, as for example, 
3.24-3-2-1, or 3-2-1-2-3-1, or 3'2-l-3-l-2, etc. The 
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problem was continued in this way so that if they mas- 
tered all the steps up to Step IX they must now touch 
the plates all once, then once again, and then again. In 
Step XII the founds must be made four times instead 
of three. 

In every step the kittens were shocked only Avhen 
they touched again a plate just reacted to. The re- 
ward was accessible to the subject after all the necessary 
plates were touched in a given step. However, the 
individual trial was not considered perfect unless the 
act was performed without reacting to other plates. 
Errors consisted in touching the plate last reacted to 
again, irt going around the inner cage without reacting 
to the plates, and in numerous types of excess move- 
n^ents. It should be noted that such conditions as the 
time allowed per trial, the norm of mastery required, 
the incentives, etc,, were the same for the advanced 
problems as for the basic one. 

Two kittens were used for determining the strength 
of current that should be used for shocking the animals 
in the advanced problems. The e.m.f. set at 1000 volts 
with a current reading of O.IO m.a, was found to pro- 
duce a too intense shock. After a few trials the kittens 
would do nothing but sit in the problem box even 
though they had been previously trained to react to all 
three plates. When the kittens had been given further 
training on the basic problem to renew their activity 
they were tested on the first step of the advanced prob- 
lem again. At this time the e.m.f. was set at 750 volts 
and was gradually lowered to 400 volts. At the latter 
voltage the current reading was 0.04 m.a. We finally 
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TABLE 12 

Shovung Ages oe Animals \Jsbi> in the Various Steps in 
Advanced Problem A 


Animal 

IV 

V 

Age in 
VI 

weeks 

VII 

at beginning of 
VUI IX 

steps; 

X 

XI 

XII 

11 

12 

12 

13 

17 

21 

23 




12 

12 

12 

12 

15 

18 

18 

19 

20 

21 

13 

12 

13 

13 

14 

21 

23 

23 

24 


14 

12 

13 

15 

19 

21 

25 



56 

12 

17 

17 

20 

20 

20 




57 

10 

11 

11 


13 

17 


23 


58 

12 

12 

13 

14 





59 

13 

13 

14 

15 






60 

11 

12 

12 

13 

15 

15 

16 

16 

18 

Av. 

11.7 

12.8 
“■'T 

13.3 

15.4 

18.4 

20.1 

19.3 

20.S 

19,5 


decided to use this amount of voltage in our experiment 
proper. The experimenter could barely feel the prick 
of the shock on the back of the hand at this strength and 
not at all on the palm. It was enough, however, to 
make the kittens lift up the paws and occasionally shake 
them, or touch the plates more lightly than they had in 
the basic problem. At the same time the shock was not 
severe enough to cause the animals to avoid the plates. 

As soon as the kittens learned the basic problem they 
were put on one or another of the advanced problems. 
There was no attempt to select them on the basis of their 
ability to learn the first problem. Four males and five 
females were trained on Problem A, as will be seen in 
Table 12. Since a general description of each is given 
in Table 6, it is not repeated in this table. On the 
average, they were a little less than three weeks older 
at the beginning of Problem A than at the beginning 
of the basic problem. It will be seen from Table 12 
that the age range increased somewhat in the latter 
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Steps of Problem A, such increase, of course, follow- 
ing from the different rates of learning. In none of 
the steps, however, was the difference in age greater 
than two months. 

Records covering the total trials, failures, and the 
total time required by the individual animals on the 
various steps in Problem A are given in Table 13. In 


TAHLE 13 

Showing Individual Scones in Trials, Failurbs, and Time 
FOR THE Various Stops in Advanced Problem A 


Animal 

IV 

V 

VI 

Order of steps 

VII Vin IX 

X 

XI 

XII 





Trhlf 






n 

2 

61 

236 

322 

117 

F* 




IZ 

12 

13 

196 

147 

43 

47 

60 

58 

F 

U 

70 

17 

30 

522 

80 

26 

69 

F 


H 

120 

102 

243 

16+ 

32< 

F 




56 

275 

17 

184 

8 

13 

F 




57 

49 

2 

1 

71 

234- 

163 

299 

F 


5S 

S 

83 

38 

17J 






59 

72 

23 

67 

16 






60 

69 

12 

2 

138 

2 

21 

8 

146 

F 





Failures 






11 

0 

0 

3 

4 

2 

F 




\Z 

1 

0 

0^ 

0 

D 

0 

0 

1 

F 

13 

1 

0 

0 

2 

0 

0 

3 

F 


1+ 

0 

0 

0 

0 

7 

F 




56 

24 

0 

2 

1 

0 

F 




57 

0 

0 

0 

0 

5 

1 

64 

F 


58 

0 

0 

0 

0 






59 

0 

0 

4 

0 






60 

0 

0 

0 

3 

0 

0 

0 

25 

F 




Ttfflc irt tnlniiiesf 





11 

0.5 

48 

212 

378 

138 

F 




12 

11 

a 

120 

95 

46 

45 

58 

88 

F 

13 

40 

7 

10 

362 

53 

26 

72 

F 


14 

43 

54 

129 

99 

354 

F 




^6 

420 

10 

128 

11 

10 

F 




57 

26 

0.7 

0.3 

53 

305 

229 

629 

F 


58 

2 

30 

21 

135 






59 

36 

12 

77 

9 






60 

18 

4 

1 

129 

3 

18 

7 

310 

F 


menns thnt the niihnnls finn% fnilcil Uic step. 
t'’I'hc time records, except where lUe totnl is less ihnn one niinnte, arc 
given to the nearest minnte. ' 
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the next two tables the measures of central tendency 
and variability for the males and females and for the 
sexes combined are given. It will be noted from these 
tables that the ranges are great in all the steps, varying 
usually from fewer than 10 trials to more than 200. 
Step V seems to have been the easiest of the series, then 
Steps IV, VI, VIII, and VII in order. Beginning 
with Step IX we find some of the animals failing al- 
together, and on the twelfth step all of them failing. 
While the learning limit of the average kitten seems 
to have been about Step VIII, i.e., reacting to eight 
plates without error, some went beyond that point and 
two of them were able to master Step XI. 

Since few animals were used on Problem A, any 
obtained sex difference is not significant. It may be 
noted, however, that of the two kittens that were ad- 
vanced the farthest, one was a male and one a female. 
In general, the records of the females were superior to 
those of the males up to the point where some animals 
of both sexes began to fail. 

As noted above, the errors that occurred in the learn- 
ing of Problem A were mainly of two types, going by 
the plates without touching them and turning back to 
a plate and touching it again before reacting to the 
other two. These errors correspond most closely to 
Types F and G present in the second and third steps 
of the basic problem. Other errors found in the basic 
problem were rarely present in Problem A, at least in 
the first four or five steps. The habit of sitting in the 
problem box was developed almost entirely in the last 
trials of the more difficult steps — usually those on which 
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TABLE 14 

Sho’wing Mkdians and Ranges*** in Trials and Time qv Males 
AND Females por tub Various Steps ik Advanced Problem A 


Siepa 

Med. 

Mnlca 

Trials 

RaURc Med. 

Time 

Rhiirc 

Fom 

Trinla 

Med, Kiitikc 

.lies 

'rime 

Med. Range 

IV 

+l 

2-J2I1 

25 ‘ 

.5-43 

69 

5-275 

26 

2 -420 

V 

39 

13-102 

26 

7 -54 

17 

2- 83 

10 

.7- 30 

VI 

215 

30-2+3 

124 

10 -212 

3H 

1-184 

22 

J-128 

VII 

243 

147-522 

230 

95 -378 

71 

8-173 

53 

9 -135 

vrn 

9S.5 

43-326 

96 

46 -35+ 

13 

2-234 

10 

3 -305 

IX 

36.5 

2A- 47 

36 

26 - 45 

92 

21-163 

lOfi 

IS -230 

X 

64.5 

60- 69 

65 

58 - 72 

154 

8-299 

318 

7 -629 

XI 

SS 


ss 


146 


310 

*» -310 


•"Tlie rneclianR sinj ran^c^ arc based only on the Kcorua of those kittens 
that eventuaily learned the steps. Except where the Lota) is less than one 
minute the thne rccorda are Riven to the nearest minute. 


the animals finally failed. Wc see from Table 14 that 
the average length of each trial was very little longer 
than that in Step III, although the number of move- 
ments increased from step to step, 

In the various steps the poorer kittens seemed to show 
the presence of the two errors mentioned above more 
regularly than the others. For example, No. 14, usu- 
ally the last to learn a step, as will be seen in Table 13, 
would run around the box many times without touch- 
ing a plate, often requiring seven or more trips around 
before the plates were touched properly and the reward 
obtained. Kitten No. 13 required as many as 522 trials 
to learn Step VII. In half of these he ran around the 
box first without touching a plate, although in later 
excursions of the same trial he seldom failed to react to 
each plate as he came to it. 

A slight variation of this first type of error was the 
avoidance of a particular plate one or more times in a 
trial. We find three kittens, for example, that often 
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omitted oae plate, particularly in the steps which they 
mastered only after many trials. Kitten No. 56, still 
reacting more than 80% of the time with her right 
hind foot as in the earlier steps, developed the habit of 
avoiding Plate 3 the first time around in Step IV, as did 
kittens No. 1 1 and No. 12 in the sixth and seventh steps. 
The second type of error mentioned above, that of turn- 
ing back and touching a plate again, was made by No. 
57 beginning with the eighth step and by Nos, 58 and 
60 in Step VIL 

In general, the kittens that learned the individual 
steps more quickly than others and advanced farther 
in the learning of the problem appeared to move 
rather more slowly and precisely than the average. 
They also showed more consistency in keeping to one 
direction, rather than going first one way and then 
another. In some of their less successful trials we 
noted that they tended to reverse the direction more 
often than in their perfect trials, Several kittens ap- 
peared merely to tovich one plate after another until 
the inner door opened but did not have a general set 
for a certain number of them. They would go to one 
plate and hesitate, then to another, and possibly turn 
the head in the direction of the door, and keep up this 
sort of behavior until the reward was obtained. Others, 
however, especially when the step was nearly learned, 
would react to the plates as a group and behave differ- 
ently to the same plate on various trips around the box. 
For example, one kitten in the seventh step would al- 
ways stop a moment after touching the third plate and 
mew or turn his head in the direction of the inner door 
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and would then go on without hesitation until he came 
to this plate again. This kitten, however, would not 
hesitate on Plate 3 the first time around, but the more 
times he needed to go around the box, theTonger did 
he seem to hesitate on this plate. In this step Plate 3 
happened to be the first and last touched in the series 
more often than the other plates, and there seemed to be 
no doubt but that the same plate was not reacted to in 
the same way in various parts of a given trial. 

With the addition of movements to be made from 
step to step, the first movements became farther and 
farther removed from the act of securing the reward. 
Hence, after an excursion or two around the box with- 
out results, the kittens often began to sit for a time and 
then to repeat the same thing again. The kittens be- 
came less and less active until they would make only 
one excursion around the box, possibly touching one 
or two of the plates on the way. At the end, however, 
some of them would not do even this. Only one kitten 
kept up her general activity, often actually securing 
the reward, up to the 1200th trial, even though she was 
unable to master this step. 

Advanced Problem B. The kittens that were put on 
problem B were required to react to the plates in a cer- 
tain definite order, instead of merely adding some other 
one plate as the kittens had to do in Problem A. We 
found that by the time the kittens had completed Step 
III of the basic problem they were consistently going 
in one direction, either to the right or to the left. In 
Step IV of Problem B the kittens were required to re- 
verse this direction. If they had previously touched 
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the plates in the order of 1-2-3 or 2-3-1 in Step III, 
they must now touch them in the order of 3-2-1, while 
if they had learned in Step III to touch them in the 
order of 3-2-1 or 2-1-3 they must now touch them in 
the order of [-2-3. Before wc decided on this procedure 
we thought vve could set up an exact reversal of direc- 
tion, such as requiring them to react to 1-3-2 if they 
had previously learned 2-3-1, or to react to 3-1-2 if they 
had learned 2-1-3 in Step III, As three kittens could 
not master this exact reversal order, we decided to try 
it no more, but to use the more simple one of 3-2-1 or 
1-2-3, depending on the general direction the animal 
had taken in the final mastery of the third step of the 
basic problem. 

The correct responses for the various steps in Prob- 
lem B, including the direction taken in the last part 
of Step III are as follows: 

Step in 3-2-1 or 1-2-3 

Step IV 1-2-3 or 3-2-1 

Slcp V 1.2-3-2 or 3-2-1-2 

Step VI 1-2-3-2-1 or 3-2- 1-2-3 

Step VII 1-2-3-2-I-3 or 3-2-1-2-3-1 

Step VIII 1-2-3-2-1-3.1 nr 3-2-1-2-3-1-3 

Step IX 1-2-3-2-1-3-1-2 or 3-2-I-2-3-1-3-3 

It will be seen that Step IV involved merely the re- 
versal of Step III. From this point onward, each step 
required the addition of one more plate to the series 
already learned. Steps IV, V, and VIII may be said 
to be the crucial ones, since in each of these new direc- 
tion habits had to be set up. In Step IV the animal 
must begin the series at Plate 3 instead of at Plate I, or 
vice versa. In Step V he must turn back after touching 
the three customary plates so as to avoid the first plate 
touched. In Step VII the animal must continue in 
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front of the door to the last plate of the series instead 
of turning back and repeating Step VI. In Step VIII 
he must make a third reversal in touching the last plate 
of the series. In every step of the problem the same 
strength of current as used in Problem B was adminis- 
tered when the kittens touched a plate while going in 
the wrong direction. They were never shocked when 
they were taking the correct path, even though they 
may have omitted plates. In case of omissions they were 
not allowed to receive the reward until the plates had 
later been touched in the required order. 

As may be seen from Table 16, 9 males and 4 females 
were given training on Problem B. Their ages at the 
beginning of the problem ranged from 10 to 12 weeks 
and at the end of it from 29 to ^7 weeks, depending on 
how many steps had been mastered. Table 17 includes 
the individual records of the kittens on this problem in 


TABLE 16 

Showing Ages of Animals Used in the Various Steps in 
Advanced Problem B 


Animals 

IV 

Age in 
V 

weeks at beginning of steps: 

VI VII VIII 

IX 

1 

11 





2 

11 

17 

. 32 

33 40 

42 

3 

12 . 

19 




4 

12 

17 




5 

10 





6 

11 

U 




7 

u 

19 




a 

11 

20 

31 

33 


9 

12 

17 




SI 

10 





52 

10 

22 




53 

12 

16 




54 

11 

13 




Av, 

11.1 

17.4 

31.5 

33 




358 


CEKETIC PSVCHOLOOY MONOGRAPHS 


TABLE 17 

Showing Individual Scorbs in Trial, Failurbs, and Time por. 
THE Various Steps in Advanced Problem B 


Anirnnl 

IV 

V 

Order of steps 

VI VH 

vni 

IX 




Triah 



1 

54 





3 

371 

lOJO 

S4 491 

130 

F 

3 

SOS 

I?* 




+ 

266 

P 




S 

255 





6 

, 181 

P 




7 

V 6 

P 





SfiS 

741 

166 F 



9 

261 

P 




51 

J44 





53 

324 

P 




53 

2SI 

F 




54 

117 

P 







PaUurcJ 

• 


1 

0 





3 

0 

3 

0 1 

3 

P 

3 

34 

P 




4 

5 

P 




5 

32 





(i 

1 

P 




7 

0 

P 




% 

63 

56 

4 F 



9 

25 

P 




Si 

0 





53 

8 

V 




53 

15 

F 




5+ 

7 

F 







Time ill mhiiileti; 



1 

36 





2 

167 

428 

16 232 

114 

F 

3 

564 

F 




4 

120 

P 




S 

396 





6 

130 

F 




7 

153 

P 




& 

525 

625 

69 F 



9 

274 

P 




51 

64 





53 

274 

F 




53 

217 

F 




54 

104 

F 





"'F' mcnna Uic animnl finDlly failed tlic HLcp. 
tTlic time tecorda arc given to the ncnresi minute. 
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terms of total trials, failures, and time. As shown in. 
Table 17 and in the two succeeding ones, Step IV was 
a difficult one and Step V was seldom mastered. The 
average number of trials required in the mastery of Step 

IV was 323±202, the range being from 54 to 824. All 
but two of the kittens that were put on Step V failed 
in the 1200 to 1500 trials given them. The two success- 
ful kittens required 741 and 1030 trials to learn Step 

V but succeeded in mastering the sixth step in relatively 
few trials as is shown in the tables. One of the two 
failed the seventh step, but the other mastered it after 
491 trials. The eighth step was easier for this one sur- 
viving cat, now almost an adult, as he required only 
130 trials. While he succeeded in passing a norm of 7 
out of 8 trials he never reached a higher norm on Step 
IX and was finally considered to have failed at this 
stage. Sex differences obtained on this problem are 
not significant, at least as far as the fourth step is con- 
cerned. The two kittens that succeeded in going be- 
yond the fourth step were both males. 

Two types of errors were commonly made in the 
learning of Step IV. These were taking the wrong 
direction and omitting one or more of the plates. The 
poorer kittens made these errors a greater percentage 
of the time than the others did. The first of these errors 
was made in less than 10% of the trials of the better 
kittens after the 150th trial, whereas it was made in 
35% of the trials of the poorer group after this point. 
The best of the kittens seemed to go slowly and to react 
somewhat specifically to the plates, the middle group 
tended to omit the first or second plate in the series 
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TAHLE 18 

Showing Medians and Ranges* w Trul3 and Time op Males 
and Females for the Various Stei's in Advanced Prodlem D 



Mnlc3 

Females 


Trinia 

Til hC 

TriiilB 

Time 

StepB 

Metl. Range 

Mccl. Rdiige 

Med* Range 

Med. Range 


266 it- 568 

16? 36-564 

212.5 117-824 

160,5 64-274 

V 

885 74M030 

526 428^625 



Vt 

110 54- 166 

42 16' 69 



vn 

491 

212 



vin 

130 

114 




*Tlic median!} and rnnges arc based only on the scores of those klitcna 
that eventual]/ learned the atepB,^ T|ib records of the one liiiien ihnt learned 
Steps Vfl and Vflf arc nfao given* 'Tlic time records arc given to the 
nearest minulc. 

while touching the third, The poorest, however, did 
not appear to be reacting definitely to any of the plates 
for they would run quickly around the box time after 
time, often requiring 5 to 10 trips around the box be- 
fore the reward was received. The kitten that most 
often did this, the poorest of them all, would, if she was 
not removed very quickly upon receiving the reward, 
go out of the inner cage and run very quickly around 
the box again and again. 

Besides making the usual errors in Step IV, one of 
the poorest of the kittens exhibited a peculiar type of 
behavior which kept him from making many perfect 
trials. The habit of chasing his tail, which developed 
in the basic problem and which has already been men- 
tioned in that connection, became almost a mania with 
him in Step IV. Out of the 50S trials spent on the step 
he chased his tail in 378, first following it time after 
time in one direction and then in another for as many 
as 60 times on a given trial without stopping. Usually 
he would start going around and around as soon as he 



TABLE 19 

Showing Measures op Central Tendency and Vawability 
m Trials and Time for the Various Steps in Advanced 

Problem B 
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was put into the box, making his way back and forth 
along the left wall as far as Plate 2 or even Plate 1. 
Sometimes, however, he would first react to one or two 
of the plates and then start this play. Outside of the 
problem box this behavior was never noticed. 

The difficulty of Step V lay in making the turn after 
reacting to the third plate of the series. The eight 
kittens that failed at this step usually kept on in the 
same direction but often avoided the plate on which 
they were shocked either the first or the second time 
around. It is not surprising that the kittens tended to 
keep running around in the one direction learned in 
Step IV. In this step, if the inner door did not open 
after the animal had made one circuit, he almost with- 
out fail repeated the act again and again until the door 
opened, He merely continued doing this in Step V. 
The two successful kittens made the turn more and 
more regularly, until, after the 400th and 600th trials, 
they usually made it without fail. From then on their 
errors consisted mainly in the avoidance of one or more 
plates. 

Since Step VI did not require a further turn, but 
merely the addition of another plate to the series al- 
ready learned in Step V, it was mastered comparatively 
readily by both kittens. One of the kittens failed to 
continue beyond the door regularly enough to master 
Step VII. As soon as he completed the sequence of 
1-2-3-2-1 he would repeat it again or a part of it again. 
After about 700 trials he became more and more in- 
active and thereafter failed steadily for several hundred 
trials. The other kitten learned Steps VII and VIII 
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but finally failed on Step IX after having at one time 
performed as many as 7-8 trials perfectly. His errors, 
which were of the same general nature from step to 
step, were as follows; starting out on the wrong plate 
(which was especially frequent in Step VII), continu- 
ing two or more times in the order of 3-2-1 before turn- 
ing back, repeating the sequence of 3-2- 1-2-3, or omit- 
ting plates while making the proper turns. In Step 
IX, the new plate which had been added in Step VII 
was more frequently omitted than the rest, probably 
because it was out of line with the main trend. To the 
end of the 1200 trials the kitten retained fairly well 
the habit of going through most of the movements in- 
volved in a perfect trial, although he failed to make the 
more specific movement of touching off the plates in 
more and more of them. This kitten from the learning 
of the fourth step on would make the necessary move- 
ments, usually without delay, and would hesitate after 
touching the last of the series. The perfect trials in 
Step IX were often performed in IS seconds or less. 

Advanced Problem G. This problem differed from 
Problem B in that a fixed direction had to be main- 
tained instead of a reversal of direction at the critical 
points. That is, at Steps IV, V, and VIII the animal 
must continue on around the inner cage instead of re- 
versing its direction. For example, in Step IV of Prob- 
lem C the animal must step on the plates in this order, 
3-2-1-3 if in Step III of the basic problem it had 
reacted to them in the order of 3-2-1. The correct re- 
sponses for the various steps in Problem C, including 
the direction taken in Step III, are as follows : 
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Step 

nr 

3-2-1 

or 

1-2-3 


Step 

IV 

3-2-1 -3 

or 

1-2-3 

I 

Step 

V 

3-2-1 -3-2 

or 

1-2-3 

1-2 

Step 

VI 

3-2-1-3-21 

or 

1-2-3 

1-2-3 

Step 

vn 

3-2-1-3-2-1-3 

Of 

1-2-3 

1-2-3-1 

Step 

viir 

3-2-1-3-2-I-3-2 

or 

1-2-3 

1-2-3-1-2 

Step 

IX 

3-2-1-3-2-M-2-1 

or 

1-2-3 

1-2-^3-1-2-S 

Step 

X 


or 


l-2-3-l-2-3-t 

Step 

XI 


or 

1-2-a 

4-2-3-1-2-3-1-2 


In this way the plates were added, step by step, until 
the kittens finally failed on the problem altogether. 
Just as ill Problem B, they were shocked if they touched 
a plate while going in the wrong direction. Whereas 
in Problem B they were shocked if they did not make 
the turns at the critical points, in this problem they 
were shocked if they did make turns at these points, 
The animals were never shocked when they were taking 
the correct path, even though they may have omitted 
plates. In case of omissions, however, they were not 
allowed to receive the reward until the plates had later 
been touched in the required order. 

Five males and five females were put on Problem 
C, as shown in Table 20. Their average age at the be- 

'TABLE 20 


SuowiNO Ages dp Animals Used m the Various Steps in 
Advanced Problem C 


Anlmnl 

IV 

V 

Age (Cl At be^inam;; a( stcjiat 

VI vti vm IX X 

XI 

IS 

It 








U 

11 








17 

12 

13 

27 

27 

2S 

29 

30 

30 

U 

n 








19 

n 








61 

11 








62 

11 

17 

19 

20 





63 

to 

a 







64 

10 








6S 

12 








Av. 

112 

13,7 

23 

23.5 








THE LIMITS or LEARNING ABILITY IN KITTENS 


365 


TABLE 21 


Showing Individual Scores in Trials, Failures, and Time 
FOR Tiin Various Stefs in Advanced Problem C 


Animal 

IV 

V 

Order of stops 
VI VII VIH 

IX 

X 

XI 




Trlaii 





15 

F« 







16 

F 







17 

31 

9S3 

3+ 77 

30 

22 

7 

F 

Ifi 

F 







19 

+0 







61 

P 







62 

416 

160 

30 F 





63 

62 

80 






6+ 

F 







65 

F 










Faiiures 





IS 

F 







16 

F 







17 

2 

59 

(J 2 

5 

7 

1 

F 

IS 

F 







19 

4 







61 

F 







62 

148 

12 

1 F 





63 

0 

2 






6+ 

F 







65 

F 









r; 

iti fHtnuiesf 





15 

F 







16 

F 







17 

18 

S35 

14 50 

42 

42 

8 

F 

18 

F 







19 

52 







61 

F 







62 

993 

178 

26 F 





63 

21 

41 






6+ 

F 







65 

F 








means that Lhc nnimnl finally failed the step. 
tThe time records are Riven to the nearest minute in every case. 


ginning of the problem was approximately the same as 
that of the kittens at the beginning of Problems A and 
B. At the end of the problem the ages ranged from 
about 25 to 47 weeks, depending on the number of steps 
mastered. 
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As will be seen from Table 2 1 , six of the kittens failed 
to master any of the steps of Problem C, while three of 
them mastered several steps, and one of them as many 
as seven beyond the basic problem. The range in trials 
for those succeeding in mastering Step IV was from 
31 to 416, The range in time was also large, as will be 
seen in Tables 21 and 22. While two of the four suc- 
cessful kittens died before they could be taken through 
more than Steps V and VI, the other two were kept on 
the problem until they finally failed on Steps VII and 
XI. It is interesting to note that the kitten that learned 
more steps than any other one in the problem took 988 
trials to learn the fifth step. For other individual rec- 
ords in trials, time, and failures see Table 21, and for 
general tendencies see Table 22. Two of the four kit- 
tens that learned several of the steps were males and 
two were females. The one that was carried farthest 
was a male, 

The errors made in all the steps of Problem C were 
mainly those resulting from taking the wrong direction, 
from omitting plates, and from inactivity. All of these 
types were characteristic of the behavior of the kittens 
that finally failed on Step IV. Since in Step IV the 
kittens had to begin and end on the same plate in every 
trial they soon began to go mainly to this plate and fin- 
ally exclusively to it, merely going from it to the inner 
door and back again. After a number of trials, vary- 
ing from 30 to several hundred, these kittens would do 
nothing but sit in the box near the inner door or by the 
significant plate. At length they were taken from the 
problem. The kittens that learned Step IV were gen- 



TABLE 22 

Medians and Ranges* in Trials and Time for the 


THE LIMITS OF LEARNING ABILITY IN KITTENS 


367 




368 


CENBTIC PSVCHOLOGY MONOGRAPHS 


erally more active in the box and did not develop the 
habit of sitting to such an extent as did the others. Step 
V was somewhat difficult for the kittens that learned 
Step IV, especially for one. No. 17 would avoid the 
third plate in the sequence the first time around as he 
did not have to touch it the second time around. In 
about half the trials he would fail to react to this 
plate on. the first round. 

Since Step VII involved touching the same plate at 
the end of the trial as at the beginning, one of the kit- 
tens grew to making the same sort of errors that she and 
other kittens made on Step IV, and finally failed it. 
The other kitten continued without difficulty, adding 
plates until on Step XI, a step comparable to Step V 
which he had mastered only after almost a thousand 
trials. Since he ended his sequence on Plate 2, he was 
likely to omit Plate 1 in the series of 3-2-1, etc. After 
a time he would move around the box less often, and 
finally he would sit near Plate 2 until he was removed. 

The reliabilities of the differences between average 
scores obtained on various steps of the advanced and 
basic problems are given in Table 23. The records 
include only the steps on which all kittens were success- 
ful. Hence a comparison cannot be made in terms of 
learning scores beyond Steps VIII in Problem A and 
Step IV in Problem B. (Actually Step VIII is not 
included in the table under Problem A, since two of 
the nine .kittens died after learning Step VII.) No 
comparison at all is possible in terms of trials required 
to learn Problem C and other problems since many of 
the animals failed on Step IV in this one problem. Of 
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course, the point of failure indicates something of the 
relative difficulty of this and other advanced problems. 
It is evident from Table 23 that the three advanced 
problems were not only more difficult than the basic 
one, although not always reliably so on account of the 
small number of animals in each of the advanced 
groups, but that they differed greatly in difficulty from 
one another. 


TABLE 23 


Reliability of the Difference between Average Scores in 
Trials Obtained on the Various Steps of the Basic 
AND Advanced Problems 


Groups 
(both sexes) 

DifFetence 

did, 

Difference 

Chances in 100 of 
a true difference 
greater than 0 

S,D, 

diff. 

AIV-I 


26J 

1.06 

S5.2 

IV-II 

52.30 

26.62 

1.96 

97.6 

IV-III 

3S47 

26.79 

,1.32 

90.4 

AV-I 

10,02 

11.67 

.86 

80.4 

V-II 

14.08 

11.46 

1,23 

88.6 

V-III 

2.75 

11.96 

.23 

59.2 

AVM 

64.09 

32.25 

1.99 

98 

VMI 

88.19 

32.19 

2.74 

99.71 

VI-III 

71,36 

32.31 

2.21 

98.6 

AVIW 

126.81 

57.11 

2.22 

98,6 

yiMi 

IS0.91 


2.64 

99.6 

VIMII 

134.08 

57.15 

2,35 

99.1 

AIV-V 

38.22 

28.8 

1.33 

90.6 

ly-vi 

35.39 

41.C3 

.86 

80.4 

iv-yii 

98.61 

62.88 

1.57 

93.7 

y-vi 

74.11 


2.18 

98,5 

V-VII 

136.83 

58.12 

2.35 

99.1 

VI-VII 

62.72 

65.43 

.96 

83.2 

BIV-I 

276.62 

56.02 

4.94 

100.0 

iv-n 


56.02 

5.37 

100,0 

IV-III 

283.89 

56.11 

5.06 

100.0 

BIV-AIV 

248.42 

61.94 

4.01 

100.0 

IV-AV 

286.6+ 

57.09 

5.03 

100.0 

IV-AVI 

212.53 

64.53 ‘ 

3.29 

100.0 

IV-AVII 

149.81 

79.90 

1.87 

95.7 
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Since the general experimental conditions and the 
act of stepping on the plate were the same in all prob- 
lems, it seems rather evident that the dififei'encc in dif- 
ficulty lay mainly in the type of pattern elements in- 
cluded in the advanced problems. In the first of these 
problems the progressive complication involved in pass- 
ing from step to step was not tied up very closely with 
a definite pattern factor. On the whole, this arrange- 
ment appeared to be easier than the others in which the 
pattern was more definite. The chief difiference be- 
tween Problems B and C was that the former involved 
a reversal of direction while the latter required the 
maintenance of the same general direction. In gen- 
eral, the problem involving a change in direction, pro- 
vided only a single reversal was required, seemed easier 
than a maintenance of direction at the corresponding 
step. This is shown by the fact that all the kittens 
learned Step IV of Problem B while only four out of 
ten learned Step IV of Problem C. It should be 
pointed out, however, that a few individual kittens 
were able to master complex patterns involving a series 
of reversals or the continuous maintenance of one direc- 
tion to a point almost as great as did the best individuals 
in Problem A in which these elements were not in- 
volved. 

Another point of interest relates to the consistency 
of the individual in passing from a simple to a com- 
plex problem. It is interesting to know whether there 
is any correlation between the records of the individual 
on the basic problem as a whole and the scores on the 
particular advanced problem, to which each was as- 



THE LIMITS OF LEARNING ABILITY IN KITTENS 


371 


signed. It is possible to make certain comparisons bear- 
ing on this general problem from the data. For 
example, by the rank order of merit method we may 
compare the total score in trials for the three basic steps 
taken as a whole and the combined scores on the ad- 
vanced problems up to the point where individuals 
began to fail. The correlation between the basic scores 
and the scores on the first four steps of Problem A was 
0.14±,22. The correlation between the basic scores 
and the score on the first step of Problem B was 0.28=t 
.17. No correlation may be made between the basic 
scores and any scores of problem C, for, as we men- 
tioned before, some kittens failed on the first advanced 
step of the latter. This general lack of consistency, 
insofar as we can. measure it, applies not only to the 
group as a whole but also to individuals that ranked 
first in the basic problem and to those that went farthest 
in the advanced problems. The kitten that ranked first 
in the basic problem of the group that was later trans- 
ferred to Problem A also ranked first in the first four 
steps of the advanced problem and finally failed on 
Step XI. Kittens No, 12 and No. 60 made the best 
records in Problem A, in that they mastered Step XI, 
and ranked third and fourth in their group on the basic 
problem. The kitten that ranked first in the basic 
problem of the group whose limits w^ere obtained on 
Problem B ranked second in the first step of the ad- 
vanced problem but failed on Step V. Kitten No. 2, 
that made the best record in Problem B, in that he mas- 
tered Step VIII, ranked eighth (out of 10) in his group 
on the basic problem. The kitten that ranked first in 
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the basic problem of the group of eight whose limits 
were obtained on l^robleni C was one of the six thett 
failed to master the first step of the advanced problem. 
Finally, No. 17, which made the best record in Prob- 
lem C, in that he mastered Step X, ranked last in his 
group an the basic problem. These facts show that one 
cannot with accuracy predict success in one of the three 
types of advanced problems from scores on the basic 
problem. 

We have already discussed the probable lack of 
insight in kittens in connection with the basic problein. 
It would seem, moreover, that the great number of 
trials often required by the kittens in the advanced 
problems and the general lack of consistency of an in- 
dividual in advancing from one step to another, point 
to an absence of insight in the solution of the advanced 
problems. 



VI 

SUMMARY 

1 . In the first experiment 52 kittens were tested on a 
simple or basic problem involving a series of three steps 
in which no specific order was required. The follow- 
ing conclusions apply to this experiment: 

a. All of the kittens were able to learn the three 
steps involved in this problem- 

b. There were no marked sex differences in learn- 
ing ability, although the females appeared to make 
better records somewhat consistently. 

c. The individual differences were extremely 
large, the combined' score for the three steps varying 
from 23 in the best animal to 277 trials in the poorest. 
The average for the group was 94.4 trials. 

d. The rank correlations based on the total trials 
required to learn the three steps were low but positive, 
being as follows: Steps I and II, 0.2S±.086, Steps I 
and III, 0.18d=.09, Steps II and III, 0.06. 

e. The types of errors varied considerably from 
animal to animal and from step to step, certain errors 
tending to be more or less characteristic of the poorer 
kittens. 

2. Some 32 of the kittens, selected at random from 
the above animals, were divided into three groups and 
tested on as many advanced problems in order to de- 
termine the limits of serial learning of this general 
sort. These problems were alike in that the complica- 
tions consisted in adding as many additional steps as 
possible, but differed from one another in that the 
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first involved no specific order, the second required a 
reversal of direction at certain critical points, and the 
third involved a continuation of direction at these same 
points. The following conclusions can be drawn from 
the results on these problems: 

a. The first arrangement proved to be the easiest 
of the three since all the kittens tested were able to add 
five additional steps as compared with a single addi- 
tional step in the second problem and none whatever 
in the third. 

b. No consistent sex differences were found on 
these problems although three out of the four best ani- 
mals were males. 

c. Individual differences were marked. The best 
animal in each case being able to add eight steps in the 
first problem, five in the second problem, and seven in 
the third problem. 

i/. There appeared to be no consistency in the 
ranking of a kitten on a simple or basic problem and on 
the complex problem to which it was later assigned. 

e. 'As in the simple problem, the type of errors 
varied considerably from animal to animal and from 
problem to problem, certain errors tending to be more 
or less characteristic of the poorer kittens. 

/. It appears that the limits of learning for this 
type of performance were actually found under each 
arrangement, since the following criteria were em- 
ployed : (1) 1200 trials or more were given before final 
failure at any step was recorded, provided the animals 
kept trying, and (2) 100 trials or more were given after 
the point at which, through constant failure, an animal 
became inactive. 
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LES LIMITES DE L'APPRENTISSAGE CHE2; LES CHATONS 

Ork a entrain^ S2 chatons ordinnirca^ de huit a neuf semames^ males 
fit femellcS) avec la boitc h problemeg Jenkins, La boite s’est compos^e 
d'une grande cage de teat, diametre de 135 centimetres, sfepav^e, au moyen 
d’un ^cran de dl de fer, d’une petite cage int^rieure qui a contenu le 
atimulant. Sur le plancher de la cage de test ont et6 troia plaques, IS centi- 
metres en diametre, chacune levee d’nn centimetre au-desatis du planchcr et 
faiteg poar doiiner dea chocs elcctriques* On a espacd ces plaques egale- 
ment dans les trois quadrants autres que ccliti qui a. contenu les portes des 
deux: cages, celle de test et celle du stimulant. Avant qne la ports inter!- 
cure se soit relSchee, il a fallu que ranimal reagisse en toucliant une ou 
plus des piaqucs de rcUche comme d^termin^es par I’exp^rimcntateui’.' Au 
moyen de troia relais, on a pu ajuster I’apparcil de sorte qu^unc forme 
compliqu^e de reactions ferait ouvrir la porte int^rieure. On a fait subir 
cinq epreuves h tous les chatons le matin et le aoir i des intervalleg d*environ 
douze lieures* On leur n donne h manger seulement tout de suite apr^s Ics 
6preuvea. Le stimulant a des morceaux de boeuf cru et une ccuelle de 
lait. La norme de maitrise a dt^ neuf epreuves pnrfaites siir dix. On a 
pcrmls cinq minutes poUr chaque ^preuvG, On a consider^ ie ptoblfeme non 
r^ussi seulement apres 100 epreuvea successives non r^ussies, ou apr^s 
1200“'1500 ^prenvea si les animaux ont continue de fairc des essais, 

Apr^s des tests preliminaires avec quciqiies animaux^ on a test^ 52 
chatons avec nn probUme simple on fond amenta I incluatit une series de 
troia Stapes Ton n’a cxig6 mil ordre sp^cl/ique, Ces Stapes ont Indus 
I'apprentiasage a mettre la patte sur une plaque quelconque^ sur deux des 
plaques, et aiir toutes lea troig plaques, Tous lea chatons ant pu nppreddre 
les trois dtapes, Les femdles ont reiisai un peu mleux, Les differences 
individuelles ont etc grandes, Lc resultnt combine des troia etapes a varie 
de 23 pour le meilleup animal h. 277 epreuves pour le pire. La moyenne 
pour le groupe a 6te de 9+ Epreuves. Les correlations de rang bashes sur 
toutes les ifpreuves ont et^ peu levies et inconstnntea mais positives. 

On a divise 32 des Clintons choisis au hnsard parml les memes animaux 
cn trois groupes et on Ics a testes avcc le mSme nombre de probl^mes 
avanc^g pour determiner les limitqs de VapprentUsnge en series de cette 
sorte genernle. Ces problemea se sont reasembl^s parce que les complica- 
tions se sont composces d'ajouter niitant d’etapes additionnelles que possible 
mais ont et6 differents l^uii de I'nutre parce que lc premier n'a exige nul 
or live specihque, le deuxieme & cxigi vin lenversement dc la direction i 
certains points critiques et le troisi^me a exige une continuation de la 
direction i ces memea points* Le premier s’eat montre^ le plus facile dea 
trois parce que tous Ics chatons testes ont pu ajouter cinq etapes nddition- 
nellea, cU' comparaison d'unc seule ^tnpe additionnelle dans le deiixi^me et 
niillfi dans le troiHlerae. On n'a trouvfi nulle difference constante de sexe 
dang ces piobl^mes quoique trola sur Ics qnatre meilleprs animaux aienfc 
Gli malcSi On a troiive de grander differences individuelles. Le meilleur 
animal en cliaquc cas a pu njonter huit etapes dans lc premiei problcme, 
cinq dans le cleuxi^me, et sept dans le troisifime. Le rang d'un chaton n^a 
4t6 constant, ni dans un probleme simple on fondamentale ni dans le prob- 
Ifeme complexe qu^on lui a donne plug tard. 


Shuey 
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Dili GRENZEN DER LERNKRAEI^rKN BEI KATZCHEN 
(ttcfcrni) 

Ea wcirdcn S2 gcivfjhnlicbc KiCticJicn, aowohl iii.1nnliche wic wcihlickef 
ini A/ler von B bja 9 Woclien, an tier Au/Kflltt^kiEle (proUlem liox) von 
Jcnkitia gfiscliuU. Die Kisio hc-smnd liua eiticm groeacn ProbekttfiK <Uat 
cflEcJi Cm, brcii, dec diircU cin DrnkigitUr you eiuem kleinen iimcren 
Kiifig nhgc^cblosacn war, %velcber licii Rci/ cnibiell:, Aiif ilem Roden doa 
KHfigfi logon drei IMaUcn, 15 cm, breir. von denen jedc 1 cm. ubor den 
liodoii erhoben und fiir Klt'kfrisicrmig (shocking) niU Draht vcrNchen war. 
Diesc PlftUon waren in drei dcr Quadranten glejchinasaig verieiJt. Dec 
vierte Qundrtiiit ciUbieU die 'Pure dor Probc*uud Rerakubge, Ebe die 
inncrc Tiir Ftcigelassreii \vurdc» tnussite d(i» Tier reagiercu indem es cine 
oder mehtere dcr elcktriscbeu Plnuen, }c tincb Bestimmung des Vcrauch- 
aleherfi, berohren nuinaie. Diircb drei AVilu^ungen (rela^^B) konnte dna 
Apparfll Bn gcregch wcrdcrt> dAsa dna Oeffnen der ianercii Ture nur diirch 
eiiic kompiizicrte Geafnhiing (pnUern) dcr lleakfioncn vcrursacht werden 
konnte. Aji alien K^tzchcii wurden morgens und abend a, — iii)gcf.ihr jede,. 
zwdlf Slundon*— 5 Verauclie gcmoclu. Sic warden immer rmc glcicfi nacK- 
dem sic gelaufcii warcti gefUiicct, AU Ueize diciucn Stuefceben roheu 

Eleisebes usul eine SchuBSci Miicb. Gclnngeu dem KiitzcKcn iicun fius zebn 
Vorsnebe, so Inelfc nion, tUss ea dcr Aufgnbe Mcistcr war, Jedcr Verauche 
diirftc iunf Miniitcn dauern. Das Boatreben^ die Aufgabc z\} loscn, gait 
nur noch 100^ oder* wenn die TIcre in ilircn BemCihungeji beharrten, iiach 
1200 bis 1500 VersucJien, ala inislungen. 

Nach Varverauchen an ciiiiEea Tiercn wurden 52 KKtzchcn gepti'ift an 
ciner cififuchcn oder g r und lege udtM\ Aufgabc bcstcbeiul au» einer Scric vni\ 
drei Stiifcn bei denen cine spevdliscbc OrdiuiiiK nbtig war. Die Tiere 
muflsten lemenT (1) Irgcnd cine besondcrc IMaitc zii betreten; (2) zwei 
bctioiiderc Plnttcn zu bclretcn; iiml (3) allc drei Plnticn zti berUliron. Allen 
Ktitzclien wnr ea mOglich* die drei Stufen zu crlcrncn, Weibliche Killzchcn 
(ALen dies cLwas besaer ala milniillclic. Ea gab nber groaac Unierschiede 
zwlacben individuen, Die GcBnmtzahl dcr iidtigcn Vcrsuchc an den drei 
Stufen ersirccktcn aich von 23 bei dem lucbtigaten Tier bis 7a\ 277 bci dem 
untucbtigstcib Die mini ere Znhl fiir die Gruppe war 9+ Verauebe. Korre- 
lationcn iiacb dcr Rangmelhodc (rank corrciatioiiB^, gegrOiulct niif die 
Ge^amizali) dcr zum erlcrnen der drei Stufen noligcn Ycrauche, wnren 
niedrig und unzuverlfisBig neigten aber in die positive JRichlimg. 

Ktwa 32 dcr KdtzcUcn* aufs geratewoUl uiUer den obciierwillmten TLeren 
ahgezogett* wurden in drei Gruppeu eingetcilt uud nn scUwercrcn Aidgaben 
erprobb utn die Grenzeu siufcnwciaen Lernens dieaer nllgcmeinen Art 
festzusetzen. Diesc Aiifenben wnren insofern einander gleicbj dass die 
Verwicklungcn (complicn lions) dnrin beatanden* dass man so vide >Ycitere 
Slufen vvie moglicli hmzufiiRte^ warin nber d«i'in vcraclijcderi, dnss^ die 
crate kelne beaondcrc Anordniing in Aiisprucli iialmi, die zweite an gewisscn 
kritiachen Stellcii eine Umkebrung dcr Kiclituiig und die driltr citic Forlaet- 
zung der Rlehtung nu diescu ficlbea Stclleii vcrlangtc. Die erste Aiiordnung 
erwicB sich oU die Icichtesic der drei, da ca alien Kiltzchon mBglicb w_nr, 
5 weilerc Stufen hinziiziiffigcn, wrirend 'in dcr zweiten Aufgnbe nur cine 
mid in der drhicn iiberhaupi: kciiic biimigcfilgt werden konnte, Ea crwicsen 
sicb bci clicsen Aiifgnbcii kcinc belinrriiclien Geachlccbtsiinicraclucdcj ob- 
wolil 3 dcr 4 tucbiigslcn Ticrc inilimliciicn Gcschiccbta waren. Es zeigten 
sich auageprilgtc iiuUviducHc UiUcradiicdc. Dem lucluiK&tcii Ticie war cs 
in iedcin Faile mdgiicb, iii dcr craten Aufgnbe S, in dcr zweiten 5, «ad in 
tier driuen 7 Svufcn binzvmifngcn, Es crwica sich keine Ucbereinstvmmung 
bei dcr Rnngordnung cincs hcslimnUen Kiitzebens in Beziig auf cine ein- 
facbo Oder griindlcgcndc Aufgabe im Vcrglcicb mit ciiier komplizierten 
Aufgabe wekbe jihm spilter zugcwicacn wurde, Smuey 
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I 


THE TREND OF PREVIOUS INVESTIGA- 
TIONS OF HABIT INTERFERENCE 

This study had its beginning in the conviction that 
in any learning situation previous experience might 
constitute a handicap to improvement comparable with 
poor learning ability. This would be true especially 
if certain response patterns were so definitely con- 
nected with elements common to a variety of situations 
as'to appear persistently and irrelevantly. The out- 
come would be conditioned inability, analogous, as far 
as the usual objective indications are concerned, to poor 
intelligence. The emphasis placed during recent 
years upon the possibilities for conditioned behavior 
and upon the importance of the early experiences of 
childhood gave further impetus to the investigation of 
such negating factors. 

The problems of habit interference constitute no new 
field for investigation. Although the studies having a 
direct bearing upon this problem are few in number, 
they have contributed considerable data to a knowledge 
of the existence of habit interference, to a knowledge 
of the conditions under which it takes place, and to a 
knowledge of its effects upon behavior. The existence 
of habit interference in some form might well be ac- 
cepted, as a review of previous studies will indicate. 
But the conditions under which interference has been 
observed should be considered. It appears in a num- 
ber of studies that interfering habits are in some degree 
antagonistic responses made to similar or identical 
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Stimuli. As early as 1892 Bergstrom (3) reported the 
results of several experiments in card sorting. The 
average time for sorting the second pack ranged from 
3.5 seconds to 17.5 seconds longer than the average 
time for the first pack. Bergstrom concluded "that in 
spite of every effort, a very decided interference takes 
place when we attempt to associate a new reaction with 
an old stimulus.” The same principle was set forth by 
Muller and Schumann (24) in 1894 as the law of asso- 
ciative inhibition. They said, "If a is already con- 
nected with bj then it is difficult to connect it with k; 
b gets in the way.” Bair (1) found in his experiments 
with typing color series and letter series that the rise in 
the practice curve at the beginning of a new order was 
greater when the responses to a common stimulus were 
changed than when the series order of stimuli were 
changed. In Culler’s (8) typewriting and card-sort- 
ing experiments the same conditions of similar stimuli 
and different responses were undoubtedly obtained. In 
the former, the practice materials were three-place 
numerals. The keyboard of the typewriter was con- 
cealed and only the middle row of keys was used. The 
keys were numbered from 1 to 9, beginning at the left, 
for the first habit. For the second habit the number- 
ing of these keys was changed. In card sorting the 
sorting boxes were changed so that the placing move- 
ment for each card was very different in one habit from 
the movement required in the other. Both of these 
series of experiments resulted in some interference, as 
Culler concluded and as his data indicate. Kline and 
Owens (19) and also Brown (7) claim to have found 
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considerable evidence of habit interference in card- 
sorting experiments in which this same general stimu- 
lus-response condition very likely existed. In these 
earlier experiments the practice materials in every case 
probably presented the conditions of like stimuli but 
different or antagonistic responses. 

In 191S there were reported two investigations in 
which negative transfer was tested with a variety of 
practice materials, ranging from close similarity to 
marked dissimilarity. The first, Pofienberger’s (26) 
study, indicates that canceling digits in number groups 
resulted in'marked improvement in canceling number 
groups that included the same digits; whereas color 
naming interfered with form naming, giving opposites 
interfered with adjective-noun associations, and adding 
interfered with multiplication. Similar findings were 
obtained by Martin (21 ) . The practice materials con- 
sisted of canceling words containing both a and t in 
English prose. The initial and final tests consisted of 
canceling Spanish words containing a and tj Spanish 
words containing e and s, a and t in series of small Eng- 
lish letters, e and s in series of small English letters, 
groups of figures containing 4 and 1 , and A and B in 
series of capital letters. Clear evidence of negative 
transfer was found in the e and j letters test, the e and j 
Spanish word test, and the 4 and 7 number-group 
checking test. The importance of Poffenberger's and 
Martin’s studies consists in the fact that, whereas their 
materials presented different stimulus-response con- 
ditions, negative improvement was found only in sit- 
uations where the principle of like stimuli but antag- 
onistic or different responses probably applied. 



388 


OHNETIC PSVCHOLOOY MONOORAPHS 


The same condition seems to be essential to habit 
interference in animals. This was probably estab- 
lished in rat studies reported by Hunter and Yar- 
brough, Pearce, Wylie, and Hunter. The habit of go- 
ing to the right of a T-shaped discrimination box for 
hand claps and to the left for silence interfered greatly 
with learning to go to the right for silence and to the 
left for a buzzer (16). The interference of visual 
habits in rats was even more pronounced (2S) . Learn- 
to go to the right for light and to the left for darkness 
required from 60 to 300 trials. In the second habit, 
with reverse stimuli, only one animal learned the asso- 
ciation. It required 420 trials. The rest of the group 
were given 680 to 1160 trials. These findings, under 
the conditions of similar stimuli and antagonistic re- 
sponses, are in sharp contrast with Wylie's findings 
under the condition of different stimuli but like re- 
sponses (38) . Habits of avoiding one type of visual, 
auditory, or painful stimuli transferred positively in 
learning habits of avoiding a different type of stimuli. 
' The savings ranged from 2S to nearly 75% of the aver- 
age number of trials required in original learning. In 
four experiments with rats and one with humans, 
Hunter obtained results that confirm the same princi- 
ple (15). Studies of visual habits in rats, similar to 
Pearce’s study, gave evidence for negative transfer, as 
shown in Table I, 


TABLE 1 



Av. No. trials 

P,E, 

Httbit 1 

286 

68.12 

Hpbit 2 
DifFercncc 

603 

103,10 

317 

33.« 
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Likewise, with number of trials as the criterion, the 
simple maze habit of running to the left side of a T- 
shaped discrimination box for food interfered signifi- 
cantly with learning to run to the right side. How- 
ever, in using a complex circular maze, the habit of 
running to the food entrance at the right side greatly 
facilitated learning to go to the food entrance at the 
left side. All criteria showed positive transfer. A com- 
plex stylus maze gave similar results for humans. These 
findings with complex mazes agree with the results 
from Webb’s (35) m^ze studies of transfer in rats and 
humans. In the latter all important differences be- 
tween control and experimental groups showed that 
learning a common complex maze, A, facilitated 
learning another complex maze, B, C, D, E, or F, and 
likewise learning any complex maze, B, C, D, Ej or 
F, facilitated learning a common complex maze, A. 
Moreover, there was such close agreement between 
the findings for rats and humans at many points 
that Webb concluded that “human and animal or- 
ganization is highly similar so far as the laws and 
conditions of transfer are concerned." These results 
from the study of interference in complex mazes should 
not be taken either as exceptions to the principle of like 
stimuli but antagonistic responses, or as evidence of no 
negative transfer. 

Such results might have various probable causes. It 
is possible that the specific aspects of complex patterns 
do not transfer readily either positively or negatively. 
The control and experimental groups may not have 
been equated for general positive-transfer efifects. 
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Webb’s maze study of retroaction in rats and humans 
tends to support this position (35, p. 83). The pairs 
of mazes that gave no differences or only slight differ- 
ences in favor of positive transfer produced marked 
retroactive disturbances in both rats and humans. The 
interference showed up in retroaction because the gen- 
eral positive-transfer effects were more nearly equated 
for the control and experimental animals. In the trans- 
fer experiments the negative transfer was offset by posi- 
tive transfer. Finally, it seems very possible that, if a 
complex pattern transferred negatively and as a unit, it 
would be not only very uneconomical as compared with 
the right pattern for the second habit, but different in 
its stimuli as well, This might be especially true if 
“stimuli” in this connection includes kinaesthetic and 
near central cues. 

Some light on the stimulus-response relationship 
necessary to interference between habits or mental func- 
tions has been contributed by studies on retroactive 
inhibition. In spite of the claims made by Muller and 
Pilzecker (23) and Heine (13) that the temporal po- 
sition of interpolated work is the important factor, 
the most pronounced interference in such experiments 
has been found to depend upon the similarity between 
the interpolated work and the memorized materials, 

In several experiments using materials dissimilar to 
interpolated work, DeCamp (11) found very little 
evidence of retroactive inhibition. He concluded that 
the interference found in other experiments was due to 
the similarity of the materials. The results from Rob- 
inson's (27) experiments indicated that the degree of. 
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interference varied directly with the degree of simi- 
larity between interpolated work and the memorized 
materials. He concluded, “The greatest inhibition al- 
ways was caused by the interpolation which apparently 
had the most elements in common with the original 
learning.” Skaggs (31) reported several experiments 
similar to Robinson?s, using very short time intervals 
between memorizing and interpolated work. Al- 
though his data tended to show that the temporal posi- 
tion of interpolated work is important, they also con- 
firmed, in the main, Robinson’s findings on the influence 
of similarity. He found that, whereas very similar 
or identical materials did not produce interference, be- 
yond a certain point, the more dissimilar the materials 
the less the detrimental influence, but it never reached 
zero. These findings in retroactive inhibition studies 
point toward the probability that complex behavior 
patterns might not interfere to any considerable extent 
in. transfer situations unless their processes, especially 
beginning processes, are similar. Probably neither 
marked similarity nor marked dissimilarity between 
behavior patterns is the condition conducive to the 
highest degree of interference. Complex patterns are 
likely to be too different or indefinite to produce appre- 
ciable amounts of interference. 

Although, directly or indirectly, the data have con- 
tributed more toward the importance of the stimulus- 
response conditions in habit interference than toward 
any other factor, slight contributions have been made 
to several other factors. The degree of learning or 
automatism of interfering habits or functions is very 
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likely a factor. In card-sorting experiments Culler 
found that in the alternate practice of two sorting 
arrangements "the difference in time between one sort- 
ing and another requiring antagonistic reactions is 
greater the greater the number of successive sortings of 
the first arrangement (8, p. 50), Kline (19) found 
that the stronger the associations between states and 
their true capitals, and between literary works and 
their true authors, the less they interfered with learn- 
ing associations between states and false capitals and 
literary works and false authors. The mode of memo- 
rizing which he used, however, may have resulted not 
only in associating the false elements with certain states 
or literary works but in associating them with the true 
elements as well where the latter were well known. 
That meant that the interfering associations were prob- 
ably not a-b and a-c associations, but a-b and a-b-c 
associations. From retroactive inhibition experiments 
Robinson and Heron's (29) data indicated that in 
memorizing scries of nonsense syllables ranging from 
six to eighteen in length there was both absolutely and 
relatively less inhibition with increasing length of 
materials. They concluded that the "more rapid for- 
getting of shorter materials is probably a function of 
the lack of practice in this type of memorizing.” In a 
study of mental set and shift Jersild (17) obtained dif- 
ferent results, Uniform series of such mental oper- 
ations as addition and multiplication, word naming and 
form naming, form naming and substitutions, calcu- 
lation and controlled association, etc., were first per- 
formed separately and then alternately by alternating 
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individual items from the tivo separate tasks. The re* 
suits indicated that the more highly the separate uni- 
form activities were automatized the greater the loss 
from shift in the combined performance. The degree 
of learning as a factor in interference needs further in- 
vestigation. 

Of the various factors in habit interference none 
should be more interesting than age. But little has 
been done to determine its influence. Thorndike (73, 
pp. 84-89, 262-265) had 54 graduate students tran- 
scribe series of disconnected words by substituting g for 
a, t ioT b, y for c, and so on. Then they reversed the 
code substituting a for g, b for t, and c for y, etc. Later 
a similar new code was practiced. He found the 
‘*more negative the transfer the more the older men 
lose by the change.” This study is very suggestive in 
view of McGinnis' (22) study of interference in pre- 
school children. The group averages in learning 
stylus-maze patterns which were planned to produce 
interference showed only positive transfer. That in- 
terference may be present in the learning of older chil- 
dren has been demonstrated by Martin (21, pp. 16- 
50). His subjects were largely school children. 

The studies of habit interference have not in the 
main contributed much concerning the effects of inter- 
ference upon performance except increase in time, in- 
crease in number of trials, or increase in frequency of 
errors. Culler (8, pp. 17-19) noted in the results from 
his typewriting experiments that the best index of the 
interference of old associations was in their recurrence. 
These relapses ranged from 3-66 per subject during the 
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fifty repetitions oi the second habit, Kline and Owens 
(19, p. 244) claimed that many errors of the second 
series in card sorting were correct distributions of the 
first and that such errors were most likely to occur 
when the speed was forced beyond the power of the 
delivering habit. These two studies point directly to- 
ward the negative transfer of response patterns, or ele- 
ments, as the interference. Book (5), in his study of 
the acquisition of skill in typewriting, investigated the 
causes of plateaus. His subjects observed introspec- 
tively that “the older more elemental habits used in 
earlier stages of writing tended to persist and force 
themselves upon the learners long after they had been 
superseded by higher order habits.*’ The best evi- 
dence of plateaus, or really of marked retardation, in 
learning was found by Hunter and Yarbrough (16, 
p. 65) in the interference of auditory habits in rats, and 
by Pearce (25, pp. 175-177), and later by Hunter (15, 
p. 36) in the interference of visual habits in rats. Cul- 
ler concluded that in the alternate practice of two 
different orders of card sorting the interference was 
often overcome in a few seconds, there were no pla- 
teaus, and no interference effect was retained from one 
day to the next (8, pp. 79-80). But a comparison be- 
tween the control groups and the alternate-practice 
groups, having approximately the same initial sorting 
ability, shows much lower average time scores for the 
controls than for the alternate-practice groups in all of 
the later levels of practice for both men and women. 
The interference effect must have persisted. On the 
other hand, the data from Bergstrom’s experiment in 
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TABLE 2 

Mean Difference in Seconds for Each Pair of Sortings 



'I'ime intervsls between aortinga 

3" 15" 30" 60" 120" 240" 

480" 

Average 

23.54 21.07 18.61 15.98 13,62 12.98 

11.25 


sorting picture cards shows that interference may under 
certain conditions depreciate rapidly with time (3, p. 
364) . The time interval between sortings was varied. 
Table 2 shows the average difference in time, or in- 
crease in time, for the second sorting arrangement, for 
70 comparisons for each time interval. In this con- 
nection, it should also be noted that some subjects seem 
to be immune to interference, at least in certain func- 
tions or habits. This has been noted by Culler (8, pp. 
17-22) in his typewriting experiments and by Brown 
(7, pp. 303-306) in card sorting. 

The possible immunity of some subjects and the 
marked persistence of interference in some cases may 
account for the presence of increased variability under 
conditions of interference. This was observed by Cul- 
ler in his typewriting experiments. He concluded, 
“The negative correlation between the relapses and the 
rate of improvement shows that individual differences 
in adaptability to a new situation in the face of persist- 
ing old associations are greater than under the condi- 
tions of ordinary practice” (8, pp. 22-23). Hunter’s 
data on interference indicates greater variability in the 
second than in the first habit in visual habits, but less 
variability in the second habit than in the first in maze 
habits. Does this mean greater variability under con- 
ditions of interference and lower variability under 
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conditions of positive transfer? That should be deter- 
mined by further experimentation. 

Summary 

The trend of the findings in the studies of interfer- 
ence points quite conclusively to two things. (1) Habit 
interference is likely to appear in certain learning sit- 
uations in both humans and animals. (2) Interference 
is most pronounced and most likely to appear between 
situations with like stimuli but opposite, different, or 
partly antagonistic responses. There are some scat- 
tered data tending to show, or suggest, {a) that the in- 
terference consists of relapses to the correct responses 
of the first or interfering habit, {h) that the degree of 
learning is a possible factor in the amount of per- 
sistence of interference, (c) some subjects seem to be 
immune to interference, (</) that in learning difficult 
habits interference may be an important cause of pla- 
teaus, (e) that interference is more noticeable in older 
subjects than in younger subjects, (/) that interference 
increases variability, {g) that habit interference does 
not develop in learning complex mazes and is not very 
evident in learning simple mazes, {h) that “human and 
animal organization is highly similar so far as the laws 
and conditions of transfer are concerned.” 

Problem 

In view of these trends in the studies of interference 
it seemed most worth while to investigate the following 
theses : 

1, Interference in transfer situations consists largely 
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of the transfer of response patterns from the first, or 
interfering, habit. 

2. In certain situations plateaus in learning are due 
to the persistence of relapses to response patterns pre- 
viously acquired. 

3. Response patterns, or response elements, acquired 
in any learning situation may have both positive and 
negative effects in such proportion that no significant 
differences appear in total time, distance, or error 
scores. 

4. Negative transfer may be present in maze learn- 
ing and influence improvement in a significant way. 

The investigation was carried on in such a manner 
that the data might throw some light on the following 
problems: 

1. The persistence of interference in terms of recur- 
rence in retenfion tests and in resistance to recondition- 
ing. 

■ 2. The relation of interference to age. 

3. The relation of interference to automatism. 

4. The effect of interference upon variability. 


I 



II 

APPARATUS, SUBJECTS, AND PROCEDURE 

This investigation began in November, 1926, and the 
experimentation continued until July, 1928. All the 
experiments were performed in a special laboratory at 
the University of Minnesota. The method adopted 
was that of control groups, The experiments were 
limited to negative transfer situations. For the most 
part, the variation of experiments consisted of differ- 
ences in the age of the subjects and in the conditions 
of learning. The subjects were 356 pure strain Wistar 
while, or albino, rats. The learning consisted of easy 
and difficult maze habits. 

Apparatus 

In view of the nature of the problem for investiga- 
tion, the apparatus used had to meet certain require- 
ments. (1) The pairs of mazes should provide the 
condition of like stimuli but antagonistic responses. 

(2) The first maze learned should be so easy that (a) 
all animals would complete learning before being trans- 
ferred to the second maze, and {b) no marked differ- 
ences in amount of maze practice, or in the age of the 
animals at the end of complete learning, would appear. 

(3) The second maze had to be of such complexity and 
difficulty that different response patterns would appear 
sufficiently frequently to be observed and statistically 
treated. It was necessary, moreover, that graphic 
records be made of every performance of each animal. 

There were certain other requirements that were not 
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SO urgent, and some needs for improvement over the 
usual maze construction which, it seemed, should be 
met. (1) The mazes should be simple in order that 
large numbers of animals could be used without exorbi- 
tant demands on time in beginning trials. (2) The 
ends of the maze alleys should not be visible to the ani- 
mal. (3) All blind alleys should be the same length, 
(4) The approaches to crucial points in the maze 
should' be limited spatially dn such a manner as to 
present to the animal, from trial to trial, similar angles 
for turning and similar openings to alleys. (5) All 
alleys should be graduated in distance so that the total 
distance of any run might be determined accurately. 
(6) Errors should be scored in terms of distance and 
not in an all-or-none fashion. (7) There should be 
pairs of mazes of similar difficulty.^ 

The attempt to meet the foregoing requirements and 
needs for improvement resulted in the construction of 
the cluster of mazes shown in Figures 1 and 2. Only 
one problem box was used. Figure 1 shows the box 
adjusted for the mazes with alleys open to the right 
side and Figure 2 shows the box adjusted for the mazes 
with alleys open to the left side. The number for 
each maze, the entrance, the true paths, the blind alleys, 
the alleys closed, and the location of the food box are 
shown in Table 3. Mazes 1, la, 3, 3a are shown in 
Figure 1, and Mazes 4, 4a, 2 and 2o are shown in 
Figure 2. The problem box might be readily adjusted 
to form other mazes, but these were the only ones used. 

^ Since the beginning of this investigation some of the improve- 
ments noted here have been attained in the construction of the Multi- 
ple-T maze* See (81 )► 
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TABLE 3 
Mazes 


Mazes* 

Entrance 

True pathst 

Blind alloys 

Food box 

1 

E 


0 r 

1 


E 

n-p-g 

r (o cloacd) 

1 

3 

E 

n*p-r 

0 g 

3 


E 


7 (o cloacd) 

3 

4 

E 


t r 

4 

4tf 

£ 

n-p-J 

r cloacd) 

4 

2 

E 

tt'p-r 

/ s 

2 

2rt 

E 

n*p^r 

j (t closed) 

2 


*Mitzea ], l<i, 3, and 3(t ate shotrn in Figure 1, and Mazes 4, 4a, 2, and 
'2e are shown in Figure 2. 
tScc Figure 9 for true patha. 


The change from right-side mazes to left-side mazes 
Tvas accomplished by changing the movable triangular 
blocks in the main alley and the partial obstructions in 
alley r. Mazes 1 and 4, la and 4-aj 3 and 2, and 3a and 
2a were geometrical opposites of similar pattern and 
probably of similar difficulty’ 

The problem box was made of soft pine and painted 
a dull black. The main alley, n and pj was 20 inches 
long, 5 inches wide, and 8 inches deep, All other 
alleys were IS inches long, S inches wide, and 8 inches 
deep. The partial obstructions were placed S inches 
apart from center to center and thus formed the maze 
units for distance scoring. The openings left by the 
partial obstructions were inches wide. The ap- 
proaches to the entrances of the alleys were 2^ inches 
wide. The entrances to the food boxes were opened 
and closed by sliding doors regulated by levers. The 
whole maze was covered with metal-wire-cloth. 

The data obtained consisted of trials, time scores, 


®Sce rigurc 9 for true paths. 
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distance scores, and a graphic record of each run- 
Time was taken in fifths of a second by a stop-watch. 
The distance for each run was computed from the 
graphic records. The apparatus for taking these 
records consisted of a mirror 20" x 30", six electric light 
bulbs of low voltage, and a stylus maze of the same 
pattern as the animal maze. The mirror was hung 
directly above the maze at such an angle that the ob- 
server seated at the table on which the maze was placed 
had a clear view of the rat’s performance without being 
seen by the animal,® The electric light bulbs were all 
attached to the frame of the mirror in such locations as 
to illuminate all the maze alleys. The stylus maze for 
record taking was made of heavy sheet aluminum. 
Over all, the size was 8" x 11" and the alleys were 1 
inches wide. It was hinged to a clip board which con- 
tained the paper on which the record was made. In 
any trial, as the rat moved through the various alleys, 
the observer took the same route in the stylus maze, 
drawing the pattern on the paper below. 

Animals 

All the animals used for this investigation were pure- 
bred Wistar white rats. They were all of the same 
stock and highly inbred. No commercial rats were 
used. All animals were reared in the laboratory and 
cared for by the writer exclusively. They were tame 

®In view of the angle of reflection, the obstructions in the maze, 
the wire cloth covering of the maze and the glare of light above the 
animal any view which the animals might have had of the observer’s 
head- and arm-movements from the mirror must have been slight at 
most. There was no evidence whatever of the animals being dis- 
turbed in that way. 



404 - 


gen ETIC PSYCaoLOOV MONOGRAPHS 


aad great care was takea to prevent any fear reactions 
from developing. They were caged in groups of 4 to 7. 
The cages were made of large-mesh wire-cloth with 
floor spaces of 12" x 17“ or 18“ x 19“ which provided 
amply for activity. Very liberal allowances of saw- 
dust were used for bedding and all cages were cleaned 
regularly. In the case of experimental animals, males 
and females were segregated before 40 days of age. 

All animals were fed regularly once a day, The 
diet for experimental and control animals was com- 
posed of white bread, skim-milk or whole milk, cod 
liver oil, and scraps of green cabbage, lettuce, or 
spinach. Non-experimental animals were fed a com- 
mercial poultry growing-mash.'* All experimental and 
control animals except very young rats were placed on 
the experimental , diet at least one week before be- 
ginning maze running.** All animals in experimen- 
tation were fed the same hour every day. Variations 
from this order in feeding and grouping will be noted 
in connection with the discussion of the experiments. 

Procedure 

The distribution of practice was one trial a day for 
learning and relearning for all animals except very 
young rats. Animals beginning learning at 20 days of 
age, and all control animals for such groups, were given 
two trials a day throughout training, one trial in the 

■^This rtiEsh, through earlier comparison of growth records ngninst 
Wistnr norms, seemed to constitute a very adequate diet, 

“Very young rats were weaned at 18 days of age and were placed 
in training at 20 days of age. They were on the experimental diet 
only two (lays before tltc beginning of the learning. 
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morning before ten o’clock and one trial in the evening 
after seven o’clock.® The trials were given at the same 
hour every day, seven days a week. The criterion of 
complete learning and also of relearning the first maze 
habit was three consecutive errorless trials, unless 
otherwise indicated. The criterion for complete learn- 
ing and relearning the second maze habit was six con- 
secutive perfect trials. A perfect, or errorless trial, 
was defined to include no entrance into blind alleys, no 
retracing, and no exploratory reactions such as sitting 
erect. Hesitations at the entrance to blind alleys were 
not counted as errors. 

The steps most common to all the experiments in the 
training procedure for experimental animals were as 
follows : 

A, For transfer from easy to difficult learning: 

1. Complete learning of Maae 2 (or Maze 3) 

2. Rest three days 

3. Complete relearning of Maze 2 (or Maze 3) 

4. Rest three days 

5. Forty trials in Maze 4 (or Maze 1 if Maze 3 -was the 
first one learned) 

B. For transfer from easy to easy learning; 

1. Complete learning of Maze 2a (or Maze 3a) 

2. Rest three days 

3. Complete relearning of Maze 2a (or 3fl) 

4. Rest three days 

5. Complete learning of Maze 4a (or Maze la if 3a 'was 
the first maze learned) 

6. Rest six days 

7. Relearning Maze 4a (or la) 

Easy mazes were selected for the first habits for reasons 


"Early weaning of very young rats necessitated feeding more than 
once a day. It seemed desirable not to feed the animals without 
running them, The attempt, moreover, was to develop the inter- 
ference hahit at the earliest stage of development passible, 
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which have already been stated.’ The first rest period 
was given in preparation for the retention test, the re- 
learning of the first habit. 

Relearning ^vas given to test the degree of complete- 
ness of first learning and to make it still more complete 
for all animals. The second rest was given to elimi- 
nate the more pronounced effects of immediate memory. 
The relearning of Maze 4« or Maze la in easy to simi- 
larly easy learning was done to test the possible re- 
currence of interference. The procedure for the 
control animals did not include the first four steps in 
either procedure for experimental animals. More- 
over, no preliminary maze experience was given to the 
control animals before beginning the control learning. 
This was omitted to prevent any transfer from such 
experience. 

Reliability 

In determining the reliability and consistency of the 
performance and measurements three different methods 
were employed, (a) The self-correlations of distance 
scores were determined in order to measure the con- 
sistency of performance from day to day and from one 
stage of learning to another, {b) The correlations be- 
tween geometrically opposite mazes of similar pattern 
were calculated in order to test the reliability of the 
mazes, (c) The correlations between time and dis- 
tance scores were determined as a measure of the 
constancy of food incentive and external conditions of 

'^By easy maKcs arc meant mazes that were Icarnci] in six to ten 
trials on the average, as determined in the preliminary experiments. 
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learning. All correlations are Pearson r correlations 
determined with the use of the Otis Correlation Chart. 

In determining self-correlations two methods were 
employed, {a) The total distance for the odd trials 
from 5 to 40 was correlated with the total distance for 
the even trials, from 5 to 40. {b) The total distance 

scores for Trials 9-24 were correlated with the total 
distance scores for Trials 25-40. These two methods 
were used for both control and experimental groups. 
The self -cor relations obtained are shown in Table 4. 
The correlations between odd and even trials are rather 
high and almost the same for all groups and ages. No 
age differences appear in the correlations’ by either 
method. The correlations between different stages of 
learning are, on the whole, low. This is especially true 
of the correlations for control groups. Whether the 
differences between the control groups and experimen- 
tal groups are due to differences in variability, or to 
retarded learning in the experimental animals, or to the 
persistence of a common factor, interference, in the ex- 
perimental animals, is not indicated in the correlation 
data. 

The second method of determining reliability was 
limited to one test for Mazes 1 and 4. Twenty-eight 
male rats, ranging in age from 57 days to 79 days at 
beginning training, were used. They were given the 
following training: 

1. Complete learning of Maze 2 

2. Three days rest 

3. Forty trials in Maze 4 

4. Six days rest 

5. Complete learning of Maze 3 

6. Three days rest 

7. Forty trials in Maze 1 
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TABLE 4 

SSLF-CORRDLATIONS ON DlSTANCB ScORBS ON MaZBS 1 AND 4 


Odd vs. even Triels 9-2+ v». 

AnimalH Tnula 5-40 Trials 25-40 

Approx. S*B S-B 

N age* Mfl'iSe Raw r P,E, correc4 Raw r P.E, cortec. 


m 

90 

4 

0.85 

±,026 

0.92 

0.61 

±.058 

0.7« 

16 

75 

4 

0.94 

±.020 

0.97 

0.49 

±.128 

0.£S 

40 

69 

1 

0.87 

±.022 

0.93 

0.77 

±.039 

0.87 

41 

69 

1 

0.87 

±.02< 

0.93 

0.46 

±.080 

0.<4 

32 

30 

1 

0.87 

±.030 

0.93 

0.56 

±.081 

0.72 

56 

30 

1 

0.93 

±.012 

0.96 

0.41 

±.074 

0.58 


*The agea given are approximaie average ages for the time of begiaolng. 
learning in the maze Indicaledt The groups are composite groups of simi- 
lar age and Irnlnlttg. 

fThe boldfaced groups were experimental animalfl. Those not boldfaced 
were control animals. 

:):Spearman'Brpwn correction. 


The method was that of interpolating interference be- 
tween practice in Maze 4 and practice in Maze 1. 
Learning Maze 2 had interfered with learning Maze 4. 
Consequently, complete learning of Maze 3 was given 
to offset the positive transfer from Maze 4 to Maze 1. 
This result was attained to a considerable extent as the 
data presented in Chapter III indicate. The corre- 
lations obtained by this method are shown in Table 5. 
These correlations are between the total scores for 
Trials 5-40 in Maze 4 and Trials 5-32 in Maze 1. A 

TABLE 5 

Correlations between Total Scores on Maze 4 vs. Maze 1 


Animals 

Data correlated 

Correlation 

Age 

N 

Mnzo 4 

Maze 1 

Raw r 

PS, 

77 

28 

Total distance 

Total distance 





Trialfl 5-40 

Trials S-32 

0.32 

0.092 


27* 

Tolnl time 

Trials S-40 

Total lime 
Trials 3-32 

0.57 

0.087 


*One animal was excluded bccniiae of very high time acorea during con- 
valcacetice from pneumoniOi Distonce scores were only slightly affected. 
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comparison of the mean total scores for different divi- 
sions of trials in learning the two mazes indicated that 
the stages of learning covered by Trials 5-40 in Maze 
4 were similar to those covered by Trials S-32 in Maze 
1. The correlations obtained would have been much 
higher except for the marked inconsistency of one or 
two animals. It seems probable that a much larger 
number of subjects would have increased these corre- 
lations materially. They do indicate some relia- 
bility, but it may not be adequate for measuring 
individual differences. 

The correlations obtained by the third method for 
Mazes 1 and 4 are shown in Table 6, The total time 

TABLE 6 

Relationship detwben Timjj and Distance in Mazes 1 and 4 
FOR Trials 5-40 


Series 

N 

Animals 

Age 

Pearson 
Raw r 

r 

RE, 

A & B 

51 

90 

0.758 

0.0198 

C 

16 

7S 

0.667 

0,0^29 

D 4: N 

49 

69 

0.827 

0.0302 

E & 0 

41 

69 

0.820 

0.0342 

F 

32 

33 

0.79+ 

0.0437 

G & H 

56 

33 

0.788 

0.0339 


scores for Trials 5'40 were correlated with the total 
distance scores for the same division of trials. These 
correlations are probably evidence of a rather high de- 
gree of constancy of the animals’ food incentive and of 
the exterhal conditions of learning. The individual 
differences in speed of the animals possibly account for 
the coefficients not being higher. 

In the several tests of reliability there is no evidence 
of relationship between the degree of reliability, or con- 
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sistency, and the age of the subjects. The coefficients 
indicate consistently higher correlations between differ- 
ent stages of learning for experimental animals than for 
control animals. There were no other apparent differ- 
ences in reliability correlations between the experimen- 
tal and control animals. 

Response Patterns 

Graphic records of each performance made possible 
an analysis and classification of responses. The term 
response pattern is used in this study to mean one of the 
usual routes which the animals took in going to the 
food box. Mazes 1 and 4 were sufficiently complex to 
provide several different combinations of blind alleys 
and true alleys. They were also sufficiently simple 
that these routes to the food box, or combinations of 
alleys, were limited in number and might be clearly 
distinguished. 

The analysis of performance revealed six different 
forms of responses. These forms and their principal 
variations are shown in Figures 3-8. In these figures 
the variations in form of each response pattern are 
grouped according to the distance scores they represent. 
At the left of each of these groups are two numbers. 
The upper one is the distance score and the lower one 
is the frequency of such forms in the total sample. The 
total sample in each case is shown as n below each 
figure. Figure 3 shows, in a general way, the response 
very common to beginning learning. It is obviously 
not a response pattern, but for convenience it will be 
referred to in this study as such and indicated by the 
letter f. Response f has no pattern; every /-response 
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is probably a variation in form from every other /-re- 
sponse. These responses are characterized by random 
movement, much retracing, and the absence of pattern. 
A sample of 196 /-responses, which is more than half 
of all the /-responses made by all animals in the several 
experiments with Mazes 1 and 4, gave a median dis- 
tance score of 51 maze units.® 

In Figure 4 are shown some variations of another 
form of response which will be referred to as response 
pattern b. It resembles / in some respects. It shows 
a large amount of retracing and exploration. But 
there was some uniformity of the h-responses from 
different animals and in a few instances this response 
pattern became a definite persistent habit. A sample 
of 167 ^-responses, taken as the sample of /-responses 
was obtained, gave a median distance score of 28.5. 
Since the modal forms of this response liave distance 
scores of 23, 25, and 27, it is clear that there was a con- 
siderable tendency toward uniform response patterns. 
Both b- and /-response patterns were so infrequent as 
compared with other patterns, as data presented in. 
Chapter III arid following chapters will show, that no 
problem was introduced by their lack of uniformity. 
They were very infrequent after the first four trials. 
The response pattern e and its principal variations are 
shown in Figure 5. It differed clearly from h and / 

®Tlic sample of /-responses consisted of all the /-responses by every 
fifth animal in the regular numerical list of tlic animals constitiitinjr 
each expcriincntal and control scries for all experiments with Mazes 
1 and 4. To these were added all other /-responses intule hy 84 very 
young rats winch began learning in Maze I at approxininicly 3.1 days 
of age. 
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TABLE 7 

The Frequency of Each Rbsponsb- Pattern for Different 
Distance Scores 
A Random Sample 


K«sponiie 

pQlicrn 

7 9 

Ditunce 
11 13 

scored 

IS 17 

19 

N 

a 

64 

10-1- 

5S6 

9 

5 

5 

743 

r/ 

32 

184 

420 

9 

13 

7 

665 

P 

629 9 

1 

1 




6-10 

in several 

respects. 

The 

pattern 

itself 

is 

obviously 


different. It was more economical and much more uni- 
form. A random sample of 423 ^-responses which is 
approximately one-fifth of all c-responses made by all 
animals in all the experiments with Mazes 1 and 4 
gave a median distance score of nineteen.® Of the sam- 
ple, 273 responses had distance scores of 19 or less. 
This means that in approximately two-thirds of the 
^-responses there was complete uniformity in pattern, 
Response pattern e was much more frequent than b or 
/. It often became a habit in which some animals 
persisted over several successive trials, and to which 
other animals reverted from time to time all through 
learning. 

The larger percentage of all responses, as data to be 
presented will show, consisted of </-, and /i-responsc- 
patterns which are shown in Figures 6-8. A random 
sample of these three response patterns, taken in the 
same manner as in the case of response e, is presented 

’’This random sample w.ts obtained by taking all e-rcsponses in 
every fifth trial by all experimental and control nnimals in all experi- 
ments using Mazes 1 and 4. The beginning point in the selection 
of trials was changed with each change in scries of arkimals, so that 
all 40 trials might be represented in the total sample. 
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in Table 7, It shows the frequency of each for the 
different distance scores. If the variations of each of 
these response patterns are compared with the fre- 
quency of the distance scores which they represent, it 
will be seen that the number of responses with retrac- 
ing was limited to 11 for response pattern 19 for 
pattern a, and 29 for d. The figures show what these 
deviations were. Figures 6-8 and Table 7 also show 
that the animals tended somewhat to run only two- 
thirds or one-third of each of the various blind alleys, 
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The frequency of a- and ^/-responses with distance 
scores of 9 and 1 1 is the evidence for this. Response 
patterns d, and p were clearly different in form. In 
the main, they were free from retracing and other ex- 
ploratory reactions. They were uniform response pat- 
terns. In terms of the alleys run, and the order of 
running those alleys, response patterns a, d, and p (and 
to some extent e) are clearly indicated. 

Summary 

1. The subjects in this study were 3S6 white rats of 
different age levels. 

2. The procedure was a negative transfer procedure. 

3. The method was that of control groups. 

4. The practice material in all experiments was the 
complete learning of an easy maze. 

5. The test material consisted of 40 trials in a difR- 
cult maze or complete learning of an easy maze. 

6. The mazes were paired on the basis of similar, 
or Identical, stimuli, but different, or largely antago- 
nistic, true paths to food. I3y stimuli arc meant the sen- 
sory cues, or signs, which the maze alleys presented. 

7. The reliability of the difficult Mazes 1 and 4 is 
probably adequate for determining group differences. 
The coefficients of correlation between Mazes 1 and 4, 
which are geometrical opposites of similar pattern and 
probably of similar difflcuUy, for a scries of 28 male 
rats was ,522 for distance and S7Z for time. The c<ir- 
relations between the total distance scores for odd and 
even trials for six groups of animals were uniformly 
high. The correlations between total distance scores 
and total time scores for si.\ groups of animals were all 
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.76 or above. There is no indication that age affects 
the stability of performance. The correlations, how- 
ever, between two different stages of learning were uni- 
formly higher for experimental animals than for con- 
trol animals. 

8. An analysis of the performances in Mazes 1 and 4 
revealed six different forms of response. One of these, 
response fj was entirely without uniform pattern. One 
other uneconomical exploratory response, designated b, 
showed some uniformity in pattern and in a few in- 
stances persisted as a definite habit. The e-responses 
were largely uniform in pattern and clearly different 
in form from any other pattern. There were three re- 
sponse patterns, referred to as a, dj and p, which were 
clearly different in form, free, in the main, from re- 
tracing and other exploratory reactions, and, with few 
exceptions, uniform in pattern. 
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COUNTERACTING POSITIVE TRANSFER 
BETWEEN SIMILAR MAZES 

The aims peculiar to the experiments presented in 
this chapter were (a) to counteract positive transfer 
between geometrically opposite mazes of similar pat- 
tern so that reliability might be tested, and (b) to 
determine the degree of interference between such 
mazes when the general practice effects from maze 
experience were equated for the experimental and 
control animals. It seemed possible that habit inter- 
ference, or negative transfer, might counteract the posi- 
tive transfer between similar mazes to such a degree 
that a fair test of reliability might be made. The fact, 
moreover, that Webb (35) obtained negative correla- 
tions between the degree of “negative retroaction” and 
the degree of positive transfer for the several mazes he 
used gave the experimenter a strong conviction that if 
the experimental groups and control groups were 
equated for the general practice effects from maze ex- 
perience, negative transfer might stand out signifi- 
cantly. 

Preliminary Experiments 
Experiment I 

Procedure, For the first attempt to control, or off- 
set, positive transfer Mazes 3 and Z were selected. In 
learning Maze 3 the animal had to learn not to enter 
the two blind alleys to the right side, that is, not to 
make any right turns. It seemed possible that the 

[ 423 ] 
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habit of taking only left turns and avoiding all right 
turns in Maze 3 would transfer to Maze 2 as a tendency 
to enter the blind alleys to the left side. For this ex- 
periment, Series A, 24 male rats, aged 70 to 81 days, 
were used. Their feed consisted of white bread soaked 
in skim-rnilk with cod liver oil, fed once a day, with 
scraps of green vegetables once a week.'® The animals 
were fed all they would eat in eight minutes. The 
same food was used in the maze and each animal had 
approximately one-half minute to eat in the food box. 
Fourteen days after learning Maze 3 the animals were 
transferred to Maze 2. 

Reutlls. The results from this experiment were 
somewhat surprising. The mean scores for total dis- 
tance, total time, and trials are shown in Table 8. The 
positive transfer effects in learning Maze 2 were even 


TABLE 8 

Mban Total Scorbs and Standard Deviations 
Series A 



Distance 

Time 


Trials 


M 

s.b. 

Af 

s.o. 

Af 


3 

69.97 

Z7.6S 


63.60 

6.76 

1.87 

Z 

35.00 

2C.22 


23.51 

5.7S 

2.55 


more pronounced than the means indicate. The large 
standard deviations for distance scores and trial scores 
in learning Maze 2 are due to large scores by two or 
three animals. These high scores likewise raised the 
means considerably. There was practically no ten- 
dency, in learning Maze 2, to enter blind alleys on the 

*®Tlic ratio consistcii of 1 qunrt of skim-milk. I iioiiiicl white 
bread, and 1 dessertspoonful of cod liver oil. 
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left side. With the exception of a slight confusion in 
the first one or two trials, the transfer of orientation to 
food direction was almost perfect in most of the ani- 
mals. The true paths in the two mazes were probably 
too nearly identical to produce any interference. The 
discrimination in Maze 2 was too poor to make any 
reliability test by correlating the total scores from the 
two mazes. The best result was the fact that Maze 3, 
and very likely, therefore, Maze 2, was easily learned. 

Experiment la 

Procedure. Since food direction seemed to be the 
one habit that transferred effectively from learning 
Maze 3 to learning Maze 2, it was decided to transfer 
Series A of Experiment I to Maze 4. The true paths 
in Mazes 3 and 2 were nearly identical in direction and 
largely antagonistic to the true path in Maze 4. This 
meant that in learning Maze 4 the animals would have 
to break up the habits of going to the end of the maze; 
and they would havo to avoid, as in previous learning, 
the first alley to the left, but take the second alley. Six 
days after completing learning in Maze 2, Series A was 
transferred to Maze 4. 

Results, In the first few trials the interference of 
the previous experience in Maze 3 and Maze 2 was 
seemingly apparent. In the first trial, 18 out of 24 
animals took the n-roiite and only one made a left turn. 
This was to be expected. But at the end of eight trials 
13 rats still persisted in taking the rt-route, and 70.8% 
of all the runs for the first eight trials were a- and h- 
response-p attorns ; whereas only 23,8% were d-, e-, and 
^-response-patterns. The evidence up to this point 
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seemed to favor strongly the presumption that interfer- 
ence was present and that it consisted of the orientation 
to food direction acquired in the first mazes.” 

Experiment II 

The results from the first few trials of Scries A in 
Experiment la indicated the presence of negative 
transfer in such degree as to justify further experimen- 
tation. The relationship between learning Maze 2 
and learning Maze 4 seemed to satisfy the requirement 
for a negative transfer procedure. This experiment 
was an attempt to test that relationship in a well-con- 
trolled experiment, 

Procedure. Mazes 2 and 4 were selected for this ex- 
periment. The experimental animals were trained as 
follows: (a) complete learning of Maze 2, (6) rest 
three days, and (c) 40 trials in Maze 4. The controls 
were given only 40 trials in Maze 4. The experimen- 
tal animals, Series B, consisted of 28 male rats ranging 
in age from 57 to 79 days. Series C, the controls, con- 
sisted of 16 male rats ranging in age from 60 to 70 days. 
The ages of both series of animals are given for the time 
the experimental animals began learning the first maze. 
The feeding and distribution of practice was the same 
as for Series A in Experiment I. 

Results. The results from this experiment are pre- 
sented under the following headings: (a) learning the 
interference habit, Maze 2, {b) differences in total 
time scores for Maze 4, (c) differences in total distance 
scores for Maze 4, {d) differences in response patterns. 

’'The training of Series A in Maze 4 wns continued to 40 trials. 
The result will be presented in the discussion of ExpeTiment II. 
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The results from Series A in learning Maze 4 are also 
presented. Differences between A and C should be 
taken only as suggestive. Series A was considerably 
older than C. 

Learning the Interference, The mean total scores 
for time, distance, and trials for learning the inter- 
ference, and the standard deviations of the total scores 
are presented in Table 9. 


TABLE 9 

Mean Total Scores for Distance, Time, and Trials 
Series B, Maze 2 



Distance 

Time 

Trials 

Mean 

86.50 

162.1 

7.22 


37.80 

84.6 

2.59 


The significant fact brought out in this table is that 
Maze 2 was easily learned by all animals. In com- 
parison with the mean total scores made by Series A 
in Maze 3^“ the mean total scores for Series B are con- 
sistently higher but not significantly higher, as the 
standard deviations indicate. 

Differences in T otal Distance Scores, For compar- 
ing the experimental and control animals in regard to 
improvement, the total trials (usually 40) were divided 
into divisions of four trials each. The total score in 
time and distance for each animal for each of these 
divisions of trials was computed. The means of these 
total scores for each division of trials were likewise 
computed. These means and the standard deviations 
for the total distance scores for Scries B and C are 


“Sec Tnble 8. 
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shown in Tabic 10. The total scores for larger divi- 
sions of trials are also presented. An examination of 
this table shows that there was a general tendency for 
more rapid improvement in Series C than in cither B 
or A. The poorer scores of Series C in the' first 20 
trials are probably due to the fact that Series C had 
had no previous maze experience. But Scries C not 
only caught up with Scries B and A, but continued con- 
sistently to iinprovc more rapidly. The mean total 
scores for Trials 25-40 show considerably better im- 

TABLE 10 

Mban Total Distance Scores and Standard Obviations 


TrlaU 

Series U 

Maze 4 
Scries C 

Scricii A 

1-4 

j2+,9^ 

118.62 

104.37 

S.O. 

66.54 

50.55 

55.78 

S-8 

68.14 

74.62 

62.25 

s.o. 

20J8 

1879 

23.56 

9-12 

61.00 

71.81 

54,67 

S.D. 

20.48 

24.26 

10.53 


57.71 

62.37 

57.16 

S,D. 

LI.83 

17.73 

15.20 

17*20 

61.39 

64.25 

56.41 

S.D. 

19.68 

20.28 

15.72 

2U24 

55,03 

52,62 

50.67 

S,D, 

14.40 

10.63 

18,91 


54,25 

49.32 

52.04 

S,D. 

13.41 

11,59 

16.64 

29-32 

50.89 

46.62 

51.50 

S.D. 

12.71 

12.88 

15.38 

33-J6 

48.28 

40.87 

48.66 

S,/?. 

10.35 

12.56 

13.45 

37-40 

46,00 

42.37 

49.91 

S.D. 

10.74 

10.09 

12.84 

25-40 

199.39 

179.00 

202.12 

S.D. 

40.40 

41.68 

51.32 

S-40 

502.67 

504,68 

483.29 

S,D. 

88.77 

71.24 

85.29 

1-40 

627.64 

623.31 

587.66 

S.D. 

101.59 

83.03 

83.06 
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provement for Series C than for either of the other 
groups. It should also be noted that the agreement 
between Series B and A is rather close. One of the 
most suggestive facts revealed in this table is the ab- 
sence of important differences between the scries in the 
mean total scores for Trials 5-40, and for Trials 1-40. 
The advantage which Series C had in Trials 25-40 was 
clearly covered up, or offset, by the advantages which 
Series A and B had in Trials 1-20. The differences 
between the mean total scores for Series B and C and 
for Series A and C and the standard errors of these 
differences are given in Table 11. None of the differ- 
ences are statistically significant as the critical ratios 
indicate. 

The important finding thus far in these data was the 
tendency to better improvement in the control animals 
than in either experimental group. In both Series B 
and A there was very little improvement during the 
last 20 trials. 

Differences in Time Scores, In view of the sub- 
TABLEll 

Dieferbnces between Exeurimental and Control Animals in 
THE Mean Total Distance Scores^ and the Standard Errors 
OF THESE Differences 
Maze 4 


Triqlg 

B— C* 
DifFcrencc S 

— /ri 

1 3 

A— C 
Difference 

S.E.,„ 

1 a 

33^36 

7M 

3.70 

7.79 

4.17 


3.C3 

3.23 

7.5-1 

3,fi+ 

2J-40 

20,39 

12.9( 

23.12 

14.78 

5^40 

— 2<01 


—21.39 



•SerlcB B nrid A itre cxpcrimcnUl nnimnlu. Series C nrc conirol ani- 
itibIs, 
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8tantlal correlations between distance scores and time 
scores as set forth in Chapter I, evidence of negative 
transfer might be expected in time scores as well as in 
distance scores. This, however, was not the case. The 
mean total time scores for the different divisions of 
trials and the standard deviations of the total scores are 
shown in Table 12. The differences between Series B 
and C and between Series A and C are practically 
negligible. The much higher mean for Series C than 
for Series B or A in Trials 1*40 is largely due to the 
practice effects In Series B and A from previous maze 
experience. The fact, however, that Scries B and A 
did not have much lower mean total time scores than 
Series C indicates that negative transfer was very likely 
present, since the most pronounced gains from transfer 
in maze learning arc in time scores. 

Differences in Response Pallern's. The differences 
between the practice animals and control animals in re- 
sponse patterns were determined (<?) by finding the 
percentage which the frequency of each response pat- 
tern was of the total number of runs, and (f>) by finding 
the average number of response patterns a and 

*®In tills report the following designations of mazes, animals, ex- 
periments, and response patterns will be observed : 

1. All mazes arc designated by the Arabic numerals 1,2, 3, and 4, 
7'lic simplifications of these m.azcs will be designated I<r, Sa, .ind 
4n. In all instances Mazes 2, 2n, 3, and 3a arc interfering mazes 
used for learning tlic first, or interfering, habits, Mazes 1, In, 4 
and 4tf, are second problems used for testing the interference of first 
learning. Sec Figures 1 and 2 and also Table 3 in Cliaptcr II. 

2. All series of animals will be designated by capital letters. 

3. All response patterns, responses, or runs, arc designated by the 
small letters a, b, c, dj e, /, A See Figures 3-8, Chapter II. These 
response patterns, responses, or runs arc different routes the animals 
take in the maze. The rf^-responsc-patterns arc the d- and yi-rcsponse- 
patterns taken together because they show the same orientation to 
food direction. 



HADIT INTBRFERBN’CB IN MAZE LBARNING 


431 


TABLE 12 

Mean Total Time Scores and Standard Deviations 


TrlttU 

Series D 

Maze 4 
Scrlca C 

Series A 

^ 1-4 

187.05 

209.68 

125.91 


165.05 

129.12 

123.S8 

S-8 

3J.7S 

42.93 

35.51 


14.09 

17,54 

56.09 

9-12 

26.70 

32,83 

20.99 

^,D. 

16.30 

17.72 

7.04 

13-lfi 

24.80 

23.50 

20.07 

S,D. 

11.47 

8.24 

11.77 

17-20 

29.20 

23.60 

19.75 

S.Ds 

23.20 

11.07 

9,84 

21-24 

23.09 

19.17 

17.77 

S.D. 

9.50 

6,22 

7,32 

25-28 

21.26 

16.85 

17,74 

S.D. 

7.93 

4.58 

7.52 

29-32 

18.54 

16.48 

17.73 

S.D. 

5.95 

6.35 

9,00 

33-36 

17,28 

16.23 

16.48 


5.03 

5.34 

8-75 

37-40 

15-76 

16.08 

16,14 

S.D. 

4.29 

4.67 

6.75 

25-40 

72.85 

65.65 

68.10 

^.23. 

18.99 

18.15 

27.23 

S-40 

210-42 

207.71 

181.83 

S.D, 

62.38 

34.28 

79.54 

1-40 

398.27 

417,39 

307.76 

l?.D. 

155.70 

132.12 

129.84 


TABLE 13 

Percent AGE or Trials for Each Response Pati’ern 
Series B on Maze 4 

TrinJa 

a 

b 

Rcsi)onac 

paltcrns 

e 


P 

1-4 

55,4 

6.2 

12.5 

24.1 

0.9 

0.9 

5-8 

50.9 

1.8 

0.0 

33,0 

9,8 

4.5 

9-13 

38.4 

0,9 

0.0 

34,8 

14J 

lU 

13-16 

49.1 

1.8 

0.0 

26,8 

16.1 

6.2 

17-20 

33.0 

1.8 

0.0 

37.5 

17-0 

10.7 

21-24 

34.8 

0.0 

0.9 

25.9 

19.6 

18.7 

25-28 

35,7 

0.0 

0.9 

24.1 

23,2 

16.1 

29-32 

41,1 

1.8 

0.9 

15.2 

17.0 

24.1 

33-36 

42.9 

0,9 

0.0 

10.7 

19.6 

25.9 

37-40 

44.6 

0.0 

0.0 

8.0 

20.S 

26-8 

1-40 

42.6 

1.5 

1,5 

24.0 

15.8 

14.6 
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TABLE 14 

Percbntaob of Trials for Each Rbsponsb Pattern 
Series C on Maze 4 


Triolfl 

tl 

b 

Kcspoiisc paUcMiH 
/ ^ 

dr 

p 


U.2 

4.7 

10.9 

40.6 

0.0 

9.4 

5<8 

26.6 

1.6 

0.0 

60.9 

6.2 

4.7 

9-12 

9.4 

1.6 

0.0 

40.6 

45.3 

3.1 

IM6 

10.9 

0.0 

0.0 

31.2 

54.7 

3.1 

17-20 

+.7 

6.2 

0.0 

29.7 

57.8 

1.6 

21-24 

6.2 

0.0 

0.0 

21.9 

60.9 

10.9 

21-28 

12.5 

0.0 

0.0 

20.3 

45.3 

21.9 



V.& 

0.0 

17.2 

i7.S 


31-36 

H.l 

0.0 

0.0 

10.9 

21.9 

53.1 

37-10 


0.0 

0.0 

7.8 

2BA 

45.3 

Ho 

14.2 

1.6 

1.1 

2«.t 

35.8 

18.6 


TABLE 15 

Percentage of Trials for Each Response Pattern 
Series A on Maze 4 


Tritth 

/I 

b 

Kcflponse pnitcrna 
/ ^ 

d 

p 

1-4 

67.7 

8.3 

1L5 

10.4 

1.0 

1.0 

5-8 

63.6 

1.0 

2.1 

17.7 

6.2 

9.4 

9-U 

60.3 

3.1 

0.0 

13.5 

13.5 

9.4 

13-16 

54.2 

3.1 

I.O 

16.7 

16.7 

8-2 

17-20 

50.0 

3.L 

l.O 

16,7 

17.7 

IK5 

21-24 

49.0 

0.0 

0.0 

18.7 

13.5 

18.7 

25-28 

44.8 

0.0 

0.0 

20.8 

10.4 

24.0 

29-32 

44.8 

1.0 

0.0 

19.8 

12.5 

21.8 

33-36 

41.6 

2.1 

0.0 

14.6 

13.5 

ZB.l 

37-40 

39.6 

1.0 

0.0 

15.6 

21,9 

21.9 

1-40 

51.6 

2.3 

1.0 

16.5 

12.7 

15.4 


By method (a) the percentages were computed for the 
different divisions of trials so that changes in per- 
formance with practice might be studied. The data by 
the first method are presented in Table 13 for Series 
B, in Table 14 for Series C, and in Table 15 for 
Series A. 

In comparing the percentages of response patterns 
for the different groups it should be kept in mind that 
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the first part of response pattern a and also of b consists 
of the true path to food acquired in learning Maze 2. 
A comparison of the tables reveals several important 
differences between the control series and the experi- 
mental series. The most noticeable differences are in 
the percentages of response patterns aj d, and p. The 
percentages for response pattern a are uniformly high 
for the experimental animals for all levels of practice. 
Moreover, the averages for 40 trials are 42.6 for Series 
B and 51.6 for Series A. The percentages of response 
pattern a for the control animals start with 34.2 for 
Trials 1*4 and then drop rapidly, leaving an average of 
only 14.8 for the 40 trials. It should be recalled here 
that Series A learned two interference mazes, Series 
B one interference maze, and Series C no interference 
before beginning learning in Maze 4.. 

The influence of the first maze learning is clear. It 
resulted in a pronounced increase in the percentages for 
response pattern a. There are no important differences 
between the different series of animals in the percen- 
tages of response patterns b and /. In the beginning 
trials, Series C made much larger percentages of e- 
response-patterns than did either B or A. The differ- 
ences between the several groups in the percentages of 
these gewev^kl e^ploYTktovy responses are rmportAnt only 
in beginning trials. 

In comparing percentages of d- and ^-rcsponsc-pat- 
terns, one finds close agreement between Series A and 
Series B. The percentages of ^/-patterns arc uniformly 
low. The highest percentage for any divisions of 
trials was 23.2. For Scries C the percentage of d- 
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patterns increased very rapidly after the first four trials 
and the percentage for the 40 trials was more than 
double that of Scries A or Scries B. The percentages 
of response pattern p showed dearly better improve- 
ment in learning for Series C than for Series A or B. 
For Series C the percentages of perfect responses in- 
creased very rapidly in the later divisions of trials, 
whereas in the case of Series A and Series B no appre- 
ciable gains were made. 

The predominant response pattern in the control 
group was d with a gradual decrease in it during later 
trials and a rapid increase in perfect responses. The 
predominant response pattern in experimental animals 
was a, with almost negligible gains in response patterns 
d and p> In the last eight trials Scries A and B were 
still clinging tenaciously to response pattern a, whereas 
Series C was making a larger percentage of perfect re- 
sponses than of all other responses combined. 

These differences in performance between the con- 
trol animals and practice animals show that the differ- 
ences between these series of animals in total distance 
scores for the later trials of learning were not mere 
chance differences. They had back of them a persis- 
tent cause which, at the end of 40 trials, was still 
operating in the experimental animals with little ap- 
parent decrease in effectiveness. It is altogether un- 
likely that such differences in response were due cither 
to the size of the groups, or to any lack of randomness 
of selection. Both the experimental procedure and the 
differences in response patterns point to the interference 
learning as the effective cause of retarded learning in 
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the experimental animals. The interference consisted 
of the transfer of the food-direction habit, or true re- 
sponse, acquired in learning the first maze. It seems 
very probable that the small, but consistent, differences 
between the control and experimental animals in the 
mean total distance scores for Trials 25-40 represented 
the combined effect of both positive and negative trans- 
fer. 

The differences between the control and the experi- 
mental animals in the percentages of different responses 
indicated the possibility of significant differences in 
learning the direction of food. Response a was the 
only important pattern thtit could indicate clearly 
orientation to the end of the maze for food. But both 
responses d and p might show orientation to the side of 
the maze for food. The second method of treating 
the data on performance was, therefore, employed. 
The differences between the control and experimental 
animals in the niiniber of a- and <;f/5-patterns was deter- 
mined. The mean number of each of these responses 
for the three series of animals in learning Maze 4 is 
presented in Table 16. The deviations of the distri- 

TABLE 16 

The Mean Number of a - and rf/>-RBSPONSE Patterns per 

Animal 
Maze 4 


Trials 

Series 

Faltern n 

B Scries C 

Scricn A 

Series D 

Pnltcrns dp 
Series C 

Scries A 

1-20 

9,00 

3.37 

11.83 

3.68 

7.31 

3.71 

SM, 

7.37 

3.44 

6.37 

4.82 

4.31 

6.19 

21-40 

8.00 

2.75 

10.83 

8.50 

14.50 

7^C7 

S,D. 

7.00 

4.35 

7.84 

7,52 

6.48 

7.93 

1-40 

16.85 

5.75 

20.00 

12.36 

21.82 

n.2S 

S.D. 

10.45 

7.06 

11.92 

11,17 

10.03 

11.96 
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TABLE 17 

Dippbrbkcbs BtrrwuBN tub Control Sbribs and Expbrimdntal 
S cfuBs IN THE ^Iean Number of a - and r/^-K.BspoNSE Patterns 

Maze 4 



I’diceri) a 



Triflla 

n.c» 

A^C 

n-c 

A-C 

1^20 

5.63 

S.46 

—3.63 

— 3.60 

~lll 

"i "a 

\M 

1,43 

1.41 

1.66 

ZIAQ 

5.25 

2.08 


— 6.23 

m 2 

J-71 

2.24 

2.15 

2,29 

l‘+0 

11.10 

14.25 


—10.57 


2.6 S 

3.00 

3.27 

3.49 


*Ser!ei B and A ore cxperimeflial snlmolt. Serle* C ore control onimoli. 


butions are also given. These data are presented for 
the first and second halves of trials and for total trials. 
The differences between the means for the control series 
and experimental series and the standard errors of these 
differences are presented in Table 17. The critical 
ratios indicate that nearly all of the differences arc sig- 
nificant. In the 40 trials in Maze 4, the o-patterns 
were characteristic of the performances of Series A and 
B, whereas J- and /(-patterns were characteristic of 
Series C. The negative transfer resulted in significant 
differences in learning the direction of food in Maze 4. 

Experiment Ila 

The objectives in this experiment were (ri) to coun- 
teract the positive transfer between Mazes 4 and I to 
such an extent that a fair test of reliability might be 
made by correlating the total scores for the two mazes, 
and {b) to equate as far as possible the control series 
and experimental series in the general practice effects 
from the maze experience in order to make the effects 
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of negative transfer stand out significantly if they were 
really present. 

Procedure. This experiment was a continuation of 
Experiment II. The same animals (not including 
Series A) were used. The same distribution of prac- 
tice and the same methods of feeding were employed. 
Series B had had (a) complete learning of Maze 2, [b) 
rest three days, and (c) 40 trials in Maze 4. Series C 
had had 40 trials in Maze 4 only. For further training 
the following procedure was adopted for Series B : {a) 
six days rest, {b) complete learning of Maze 3, (c) rest 
three days, and (d) 40 trials in Maze 1. After learn- 
ing Maze 4, Series C was given a rest until entered 
into training for Maze 1 with Series B. There were 
good reasons to believe that this procedure would meet 
the requirements of the experiment. The general prac- 
tice effects from maze experience were probably about 
equal for the two series of animals at the end of Experi- 
ment II. Since learning Maze 2 interfered with learn- 
ing Maze 4, it seemed very likely that learning Maze 
3 would interfere with learning Maze 1 to such an 
extent as to offset in some measure the positive transfer 
between Maze 4 and Maze 1 . It should be noted here 
that this procedure had some other possible advantages. 
(a) For Series B the learning in both Maze 4 and 
Maze 1 would be learning with interference so that 
negative, or zero, correlations between the two mazes 
should not result, (b) In Maze 1 the alleys to the left 
side of the box were closed so that the food-direction 
habit acquired in Maze 4 could not transfer to Maze 1 
in the form of a definite response pattern. This meant, 
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for the most part, that only positive transfer effects 
from Maze 4 should appear in learning Maze 1. The 
control animals, therefore, should be practically free 
from negative transfer ajtd show optimum improve- 
ment. 

Resnhs 

Learninej the Interference. The second, or inter- 
polated, interference problem, Maze 3, was learned by 
Series B with considerable positive transfer. The 
mean number of trials was 4.96 and the standard devi- 
ation was 2.40. This wag similar to the result obtained 
from Series A, Experiment I, in learning Maze 2 after 
learning Maze 3. Some slight disturbance appeared 
in the first trial, but most of the animals required only 
four or five trials to satisfy the criterion of complete 
learning. This positive transfer was to be expected. 
Previous experience in Maze 4 could not transfer 
negatively since the left side of the box was closed, that 
is, the left side alleys are not a part of Maze 1 . More- 
over, the animals which had persisted in response pat- 
tern a in running Maze 4 had fixated the true route 
to food for Maze 3. But the positive transfer was a 
real advantage since the purpose of complete learning 
in Maze 3 was to re-establish the interference habit in 
all animals before beginning learning in Maze 1. 

Reliability, The results bearing on this aspect of 
the problem of these experiments have been presented 
in Chapter II. Positive transfer effects were counter- 
acted as the data that follow will show, 

Differences in Total Distance and Total Time 
Scores. The mean total scores for time and distance 
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TABLE 18 

Mean Total Scores and Standard Deviations 
Maze 1 


Triols 

Dbtance 

Series B Series C 

'rime 
Series B 

Series C 

1-4 

122,2S 

96,93 

118.94* 

77.76 


4S.6I 

37-72 

72.04 

40.25 

5-8 

55,4fi 

47,50 

28.92 

20,91 

S,D, 

15.27 

14.42 

13.97 

9.72 

942 

55.46 

42.75 

24.32 

16.75 

S.D, 

14,31 

7.61 

7.39 

3.82 

13-16 

57.96 

40.00 

26.40 

17.98 

S,D. 

18.05 

10.82 

11.28 

6.40 

17-20 

48.92 

36.50 

20.77 

13.97 

S.D. 

14.57 

10.49 

8.49 

4.03 

21-24 

44.92 

35,75 

19.0S 

11. 83 


12.63 

10.14 

5.92 

3.43 

25-28 

44.14 

34.50 

17.85 

13.33 

S.D. 

13.68 

9.86 

6.92 

4.57 

13-28 

195.96 

153.00 

84,07 

56.12 

S.D. 

44.75 

49.62 

24.07 

14.89 

5-28 

306.89 

237,00 

137.32 

93.78 

S,/J. 

65.31 

52.70 

35,72 

23.56 

1-28 

429.14 

333.93 

253,42* 

171.55 

S.D. 

88,42 

58.92 

82.74 

37.28 


*26 coses. 


for Series B and C are presented in Table 18. The 
one outstanding fact in this table is the better learning 
of Series C. For every level of practice for both time 
and distance scores the means for Series C are lower 
in magnitude than those for Scries B. This is true also 
for the larger divisions of trials including Trials T28. 
By the end of 8 trials Series C had attained a level of 
learning, in terms of distance scores, not reached by 
Series B in 28 trials. The differences between the 
mean total scores for Series B and C, and the standard 
errors of the differences, are shown in Tabic 19, The 
differences between Scries B and C in the means of 
total distance scores range from about three times the 
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TABLE 19 

DtPPBRBNCBS BBinVHCN TUB MdaN ToTAI, ScORBS OF SuRlBS B 
AND C AND TUB STANDARD EhRORS OF TlIBSK DiPFBRBNCBS 

Mars 1 


Trlul. 

Dinunce 

B'C --jn 

1 1 

U-C 

Time 

21-24 

9.17 

3.48 

7.22 

1.43 

2S'28 

9M 

3.57 

5J2 

3.75 

J)-2g 

42<96 

iL20 

27.95 

5.94 

5-28 

69-89 

18.05 

43.54 

9.0S 

1-28 

95.21 

22.27 

81.87 

18,71 


standard errors to more than four times the standard 
errors. The diflfercnces behvecn Series B and C for 
total time scores arc more than four times the standard 
errors. That interference was operating in Series B 
in this experiment seems altogether conclusive. The 
differences in both distance and time scores were sig- 
nificant. The causes of the Interference might be in-, 
ferred, but the manner in which the interference took 
place is not at ali evident in the differences between the 
experimental and control animals in mean total dis- 
tance or total time scores. The only recourse that 
seems promising is analysis of performance. 

Differences in Response Patterns. In learning 
Maze 4j Series B and C showed some very significant 
differences In response patterns. The prevailing re- 
sponse in Series B was response pattern a, whereas in 
Series C the prevailing response was d. Negative trans- 
fer was clear not only in the transfer of response pat- 
terns from previous learning but in the fact that this 
transfer interfered significantly with learning the new 
direction of food. The response patterns made in 
learning Maze 1 did not present such a clear case in 
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favor of negative transfer. In Tables 20 and 21 it will 
be seen that there were no appreciable differences be- 
tween Series B and Series C in the percentages of a~ 
response-patterns. The big differences were in the 
percentages of general exploratory responses, and in the 
responses showing that the direction of food had been 
learned. Series B had much larger percentages of b- 
and e-responses than Series C. In this respect Series 
B gave indications of learning a new habit. Series C 
had larger percentages of </-runs, and much larger per- 
centages of perfect responses. In view of these data 
two facts require explanation, (o) The differences be- 
tween the control animals and the experimental animals 
in total distance and total time scores were significant. 
{b) No response pattern from previous learning trans- 
ferred negatively and persistently. 

The first of these facts can be explained in terms of 
the percentages of response patterns. In comparison 
with Series C, the much higher averages for Series B 
were due to the much larger percentages of response 
patterns b and e and the lower percentages of perfect 
responses. The question at once arises as to why Series 
B should have larger percentages of the less economi- 
cal, or exploratory, response patterns. This is very 
closely connected with the explanation of the second 
fact. 

No response pattern from previous learning trans- 
ferred negatively and persistently because there was 
none that could transfer from previous learning to the 
learning in Maze 1. The number of response patterns 
possible in cither Maze 4 or Maze 1 was limited by the 
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TABLE 20 

PBRCfiNTiion OF Trials for Each Rbsponsb Pattern 
Series fi on Mazs J 


TrlnU 

u 

h 

paiterni 

/ 


p 

1-4 

27,7 

12.5 

33.0 

13,4 

0.0 

13.4 


16.1 

6,2 

3.6 

26,8 

7.1 

40.2 

9-12 

HJ 

5.4 

0.9 

29.5 

21.4 

28.6 

13-16 

14.3 

1.8 

0.9 

36.6 

24.1 

22.3 

17-20 

13,4 

0.0 

0.0 

21.4 

27,7 

37.5 

21-2+ 

12,5 

O.o 

0.0 

13.4 

33.0 

41.1 

25-28 

8.0 

0.0 

0.0 

15.2 

34.8 

42.0 

1-28 

15.2 

3.7 

5.5 

22.3 

21.2 

32.1 


TABLE 21 

PBRCBNTAOB OF TRIALS FOR EaCM RESPONSE PATTERN 

Series C on Mazb 1 


Divinloo 

iriftU 

ri 

h 

Rcsiponic pauerni 
/ f 

J 

p 

1-4 

34.4 

6,2 

26.6 

9.4 


12,5 

5-8 

J5.6 

0,0 

6.2 

7.8 

12.8 

37.5 

9-12 

18.7 

O.Q 

O.Q 

4.7 

39.1 

37.5 

iUl6 

10.9 

3.1 

1.6 

1.6 

21.0 

57.8 

17-20 

12.5 

1.6 

0.0 

0.0 

23.4 

62.5 

21-24 

10.9 

0,0 

0.0 

0,0 

23.4 

65.6 

25-28 

7.8 

0,0 

0,0 

1.6 

18.7 

71.9 

1-28 

15.8 

J.6 

4.9 

3.6 

24.8 

49,3 


situation as the analysis of performance has shown. 
There were three definite uniform response patterns, 
Oj d, and p, and three less uniform, uneconomical re- 
sponse patterns, e, h, and /. A comparison of the four 
learning situations. Maze 2, Maze 4, Maze 3, and 
Maze 1, shows that neither the response pattern d nor 
p, as found in Maze 1, could have been transferred 
from learning in the other mazes. In learning those 
mazes, moreover, the responses e, b, and / for Maze 1 
surely had not been previously practiced. The re- 
sponse pattern a did not appear in learning Maze ] as 
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a prevailing, persistent response because previous 
learning in Maze 4 made that impossible. In learning 
Maze 4 the prevailing response pattern for Series B 
■was a, that is, response a for Maze 4, But response 
pattern a for Maze 4 is clearly antagonistic to response 
pattern a for Maze 1, Consequently, when the animals 
returned from the end of the maze in running Maze 1, 
they retraced the main alley, because response pattern 
a for Maze 4 which had been automatized in a long 
succession of trials prevented entrance into the food 
alley for Maze 1. The facts show that this probably 
did happen. The performances in the first trial in 
Maze 1 show that 26 out of 28 animals went to the end 
of the maze in the first trial. Of these 26, only 5 com- 
pleted rt-runs for Maze 1, but 21 made /-runs. The 
21 went to the end of the maze, but when they returned 
they retraced the main alley. The food-direction habit 
acquired in Maze 4 and aggravated by learning Maze 
3 was the determining factor, but, since the left side of 
the maze was closed, there was no definite response 
pattern that could transfer negatively. The conse- 
quence was a prolonged stage of general exploratory 
responses with large time scores. But these responses 
were too uneconomical and lacking in uniformity for 
autonaatism and prolonged repetition. 

There is one more fact that supports this explanation 
in a very suggestive manner. The mean total scores 
for time and distance gave some indication that the 
time per distance run was longer for Series B than for 
Series C. The ratios of the mean total time scores to 
the mean total distance scores for the different divi- 
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TABLE 22 

Thu Ratios op tub Mban Totai. Time Scorbs to the Mban 
Total Distance Scokbs 
Series B and C on Ma/r 1 


Serlcfl 

1-4 


9-lZ 

" TrTali 
11-16 

17-20 

21-24 

21-21 

B 

L02 

,51 

.44 

.45 

.42 

.42 

.40 

C 

,S0 

,44 

.39 

,45 

.38 

.33 

,35 


sions of trials were determined. They arc shown in 
Table 22. They indicate that previous learning tended 
to confuse the animals in learning Maze 1. The ab- 
sence of any definite response patterns that might trans- 
fer negatively, or in accord with the food-direction 
habits from previous learning, not only produced an 
increased percentage of exploratory responses but an 
increase in time per distance run. This is almost 
analagous to complexes in humans, Previous experi- 
ence left the animals confused because there was no 
outlet in the new situation for previously automatized 
relevant response patterns. 

Summary 

1. In Experiment I it was found that the habit of 
talcing left turns and avoiding alleys to the right side 
of Maze 3 did not transfer to Maze 2 as a tendency to 
enter blind alleys to the left. Consequently, the trans- 
fer was positive. The food-direction habit acquired in 
Maze 3 transferred in learning Maze 2, The true 
paths in the two mazes were, therefore, too nearly 
identical to produce any interference. 

2. Learning Maze 4 after learning Mazes 2 and 3 
resulted in much negative transfer. In the first eight 
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trials 70.8% of all runs were a- and h- response-patterns. 
The perfect response acquired in learning Mazes 2 and 
3 transferred persistently to the learning of Maze 4. 

3. Complete learning of Maze 2 by 28 animals in- 
terfered considerably with learning Maze 4. This is 
brought out by a comparison with the results of the 
control group, (a) The mean total distance scores 
for different divisions of trials indicated positive trans- 
fer in the first 16 trials but negative transfer in the last 
16 trials. (^>) As compared with the control animals, 
the experimental animals were retarded in learning at 
the end of 40 trials. In the last 20 trials the experi- 
mental animals made very little progress. This period 
was largely a plateau, (c) The mean total time scores 
showed no considerable differences between the con- 
trol and experimental animals during the later divi- 
sions of trials. This was evidence that negative 
transfer must have been present in no small degree, 
since transfer in maze learning usually results in very 
large improvement in time scores. It was also evidence 
that the time per distance run was lower for the experi- 
mental animals than for the control animals, since the 
differences in mean distance scores were considerable, 
This difference in rate of running was probably due to 
a high degree of automatism in the experimental ani- 
mals, since the interference learning resulted in per- 
sistently large percentages of response pattern a. ((/} 
An analysis of the performance of the experimental 
and control animals showed that, witli little variation 
from one division of trials to another, approximately 
45% of all responses made by the experimental animals 
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were a-responsc-pattcrns. This was the cause of the 
learning plateaus in the experimental animals. This 
was negative transfer since the first part of response 
pattern a consisted of the true path to food in learning 
Maze 2. The prevailing response pattern in the con- 
trol animals was d, the percentages of which decreased 
rapidly in later trials with a marked increase in per- 
fect responses, (c) The diflfercnces between the ex- 
perimental and control animals in the mean number 
of fl- and <//i-responsc-patterns were from three to five 
times their standard errors. This was true for the first 
20 trials, the last 20 trials, and for total trials. This 
was evidence that the previous maze learning inter- 
fered significantly with learning the direction of food 
in Maze 4. 

4. In comparing the experimental procedure — 
complete learning of Maze 2, rest three days, 40 trials 
in Maze 4, rest six days, complete learning of Maze 3, 
rest three days, and 28 trials in Maze I — with the con- 
trol procedure — 40 trials in Maze 4, IS days rest, and 
28 trials in Maze I, the following results were ob- 
tained: (<r) The differences between the control and 
experimental animals in the mean total distance scores 
and mean total time scores in learning Maze I were 
significant for five different divisions of trials, includ- 
ing total trials. All divisions of trials showed much 
poorer improvement in the experimental animals. 
{b) The analysis of performance showed larger per- 
centages of b- and e-rcsponscs and lower percentages 
of perfect responses for the experimental animals than 
for the control animals, (c) The experimental ani- 
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mals did not make large percentages of response a in 
learning Maze 1 because that pattern was inhibited by 
response a for Maze 4 which had been highly automat' 
tized in previous learning, (d) Interference was pres- 
ent in a negatively transferred food-direction habit 
from previous experience, but there was no outlet 
through a relevant automatized response patterd- 
The result was increased time per distance run, and 
random, or general exploratory responses. 



IV 


NEGATIVE TRANSFER UNDER THE CON- 
DITIONS OF OVERLEARNING AND 
STRONG FOOD INCENTIVE 

The trend of the differences in performance and 
total distance scores between the control and the ex- 
perimental animals in Experiment II indicated that 
the interference might be much more effective and 
more apparent (rt) if the interference habit were over- 
learned, (b) If a stronger food incentive were de- 
veloped, and (e) if large groups of animals were used. 
The differences between Series B and C in the mean 
total distance scores for later learning in Experiment 
II were not statistically signihennt, but the cause of 
those differences still persisted in the experimental 
animals at the end of 40 trials with little depreciation. 
Series A, moreover, showed consistently larger per- 
centages of c-response-pattcms than Series B. Series 
A had learned two very similar interference habits be- 
fore beginning Maze 4, whereas Series B had learned 
only one. It seemed, moreover, that some of the ex- 
ploratory responses in the early divisions of trials in 
Experiment 11 might be due to fluctuations in incen- 
tive. Stronger incentive might mean better learning 
in the control animals, but increased automatism of the 
interfering response patterns in the experimental ani- 
mals. 

Ejc^erfmeiit III 

Procedure, The procedure in Experiment III was 

[ 448 ] 
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accordingly changed slightly from that of previous ex- 
periments. Sixty-one male rats, aged 44 to 55 days, 
were divided into two series : Series D, 34 experimental 
animals, and Series E, 27 control animals. The ex- 
perimental animals were given the following training: 
(a) complete learning of Maze 3, (b) three days* rest, 
(c) complete relearning of Maze 3, (d) rest three days, 
and {e) 40 trials in Maze 1. Series E were trained 
only in Maze 1, beginning learning in it with Series D. 
The animals were all placed on the experimental diet 
seven days before Series D had the first trial in Maze 3. 
The diet was composed of the same foods as used in the 
earlier experiments, but the time of eating was limited 
to six minutes instead of eight. Moreover, in this ex- 
periment there was additional quantitative stinting at 
the beginning of learning in each maze. On the day of 
the first trial in either maze only half time was allowed 
for eating. On the day previous to the day of the first 
trial no food was given to the animals. 

Results 

Learning and Relearning the Interference. The 
complete learning and relearning of Maze 3 was se- 
lected for interference, It was not the purpose of this 
experiment to determine the influence of different de- 
grees of incentive or the influence of overlearning upon 
learning, but to study the changes in performance under 
the conditions of increased interference. In learning 
Maze 3, however, Series D in this experiment diflfered 
very appreciably from other series of experimental 
animals. The influence of overlearning upon inter- 
ference does not, of course, appear in this connection. 
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TABLE 23 

Mean Total Scores and Standard Deviations from Learn inq 
Interference Mazes dv Different Series of 
Expbrimbntal Animals 



A* 

Mttze 

Dinunce 

Time 

TtIfliB 

n 

34 

3 

41.73 

67.9*4 

4.7+ 




19.62 

31.67 

1.47 

Series A 

2+ 

1 

69.H7 

130.69 

6.76 

* S.O. 



VM 

63.60 

2,55 

Series B 

2B 

2 

U.50 

162.10 

7.22 

S,D. 



37.8a 

84.60 

2.59 

Series N 

U 

3 

61.00 

107.85 

6.07 

S.D. 



27.59 

47.42 

1.78 


The Influence of incentive probably docs. The re- 
sults, therefore, from the interference learning by 
Series D are presented with the results from other 
groups. The mean total scores for complete learning 
by Series D and three other series of experimental aiiL- 
raals arc presented in Table 23. The diet for Scries 
D was qualitatively similar but quantitatively different 
from that of Scries A and B. In addition to quanti- 
tative stinting in beginning trials, Series I.) was given 
only six minutes instead of eight for eating. But Scries 
A and B were much older animals than D. Series 
B, moreover, had learned Maze 2 instead of Maze 3. 
Consequently, any differences between Series A and B, 
on the one hand, and Series D, on the other, can be only 
suggestive. These differences, whatever may have 
been their causes, were large, as Table 23 indicates. 
The data from Scries N and Series D, however, arc 
comparable. Series N was a group of 14 male rats, 
aged 60 days at beginning learning.*^ Their diet con- 

^■‘Tlic full tliUn on Series N nnd its control arc prcscnieil in Clinp- 
ter VII. 
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sisted of white bread, whole milk, and cod liver oil. 
They were fed once a day, to satiation, but not over 
ten minutes. The only other important differences be- 
tween D and N were (a) the season of running {Series 
D was run in the spring. Series N in the winter) and 
[b) the possible lack of randomness of selection, since 
these two series were made up of altogether different 
litters. These two differences may not have been im- 
portant. In Table 23 it will be seen that the differences 
between D and N in the mean total scores were con- 
siderable. They are not statistically significant, but 
the critical ratios are approximately 2.5 for all three 
criteria. That Series D made much better improve- 
ment in learning the interference maze than Series N 
and other series of experimental animals is evident. 

The data from relearning also support this conclu- 
sion. The only comparison that can be made here is 
with Series N. The criterion of complete learning in 
the relearning of Maze 3 was three consecutive perfect 
trials. In this relearning test every animal in Series 
D satisfied the criterion in three trials. As far as dis- 
tance errors and other errors in performance were 
concerned, relearning showed perfect retention. In 
Series N, ten animals required only three trials, two 
required six trials, and two required seven trials. In 
view of these slight differences between Series D and 
N in the amount of practice in relearning, the best evi- 
dence of better learning, or better retention, in Series 
D was the difference in automatism in the perfect trials. 
The mean time score per trial for the perfect trials 
which satisfied the criterion for complete relearning of 
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Maze 3 was 2.48 seconds for Scries D and 3,93 seconds 
for Series N. The standard deviations for the distri- 
butions were .73 and 1.66, respectively. These aver- 
ages and standard deviations were for 102 scores for 
Series D and 42 scores for Series N. The difference 
between the means is 1 .45. The standard error of the 
difference is =t.256. Since time was taken in the same 
way, with the same care, by the same observer, and 
with no thought of using the scores in this connection, 
it seems altogether probable that these differences were 
due to the difference in incentive. This finding is in 
agreement with the results obtained by Anderson and 
Smith (40). Of course the better time scores for 
Scries D might be evidence only of better incentive at 
the time without better learning or better retention. 
But the lower averages made by Scries D in first learn- 
ing and relearning lend support to the conclusion that 
the differences were due to better learning, or better 
automatism, of the interference habit. 

Differences in Total Distance Scores and Total 
Time Scores, The method used for determining the 
differences between Series D and Scries E in mean total 
scores Is the same as that used in treating the data from 
Experiment II, The progress of the experimental and 
control animals in learning Maze 1 was determined by 
obtaining the mean total scores for different divisions 
of trials. These are shown in Table 24. A compari- 
son of the mean total distance scores for these two scries 
of animals reveals a general similarity to the findings 
in Experiment 11. Scries D, the experimental animals, 
have the advantage during the first 16 trials, but Scries 
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E, the control group, continued to improve more 
rapidly. This trend is also evident in the total time 
scores for different divisions of trials. The more im- 
portant differences and their standard errors are shown 
in Table 25, The differences for the latter part of the 
practice period in time as well as distance are signifi- 
cant. For Trials 5-40 they are approximately two 
times their standard errors. The outcome of this ex- 
periment was similar to that of Series B and C in 
Experiment II, but the differences were greater and 
more significant. 


TABLE 24 

Means or Total Scores and Standard Deviations 
Distance Time 


Triiilo 

Series D 

Series E 

Series D 

Series E 


61.9+ 

81,59 

48.98 

129.66 

S.D. 

28.55 

32.46 

36,91 

69.60 


65,53 

66.48 

37.86 

35.09 


ZlM 

15,37 

27,67 

1640 

9-12 

57,23 

57.18 

25.80 

20.90 

S.D. 

i9M 

16.49 

18,84 

842 

13-16 

53.05 

53.70 

20.54 

21.70 

S.D, 

17-63 

17.7+ 

10.90 

9,66 

17-20 

SL17 

46.66 

19.10 

18.65 

S,D. 

15.68 

10,07 

9.51 

7.1+ 

21-2+ 

50.+7 

44.89 

19.04 

16.20 

S.D. 

14.69 

10.30 

8.08 

5.27 

25-28 

48.70 

41.33 

18.68 

15.04 

S.D. 

13.25 

8.45 

7.03 

4.75 

29-32 

49.58 

38.44 

17.72 

13.78 

S.D. 

16.21 

8.78 

7.95 

4.60 

33-36 

4S.91 

37.11 

17.15 

12.20 

iS.D. 

15.49 

8.90 

7.08 

3.71 

37-40 

45.41 

36.00 

15,40 

11,90 

SM. 

11.75 

8.71 

5.11 

3.60 

25-40 

192.61 

152.88 

68.96 

52.93 

S.D. 

51.55 

31.12 

22.74 

13.41 

S-40 

470.08 

421.81 

191,32 

165.48 

S.D. 

108.66 

81,67 

58.56 

40.02 

1-40 

532.03 

503,40 

240.30 

295.15 

S.D. 

108.51 

89.48 

70.0+ 

75.72 
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TABLE 25 

Dippshbncbs tub Expb«jmbnt>*ju anp Costhol Am- 

MALS IN TUB MBAN ToTAL SCORES FOR DlPPBRBNT DIVISIONS OP 
Trials, and thb Standard Errors op Tiiusb Difprrbncbs 

Maf.b I 

Ditlnncr Time 


Trifih 

Difference 

1 1 

niflfcrcncd 


33-36 

11. BO 

3.16 

4.95 

1.41 

37-40 

Ml 

2.62 

3.30 

1.12 

25-40 

39.73 

10.68 

16.03 

4.68 

5-40 

>18.27 

24.38 

23.84 

12.63 


^Series D are experiincmal Animali and Serlea Iv arc conirol nnlmflls. 


Differences in Response Palter ns. The real mean- 
ing of the differences between Scries D and Scries E in 
total distance and total time scores docs not appear in 
the mere quantitative expressions of distance and time. 
They, in themselves, reveal no causes for the learning 
plateau in Series D and no causes for the steady con- 
tinued Improvement of Scries E, It can only be in- 
ferred that the differences arc due to the experimental 
factor, since the only important difference between the 
two scries of animals was interference in Series D. But, 
if, in addition, an analysis of the performance of the 
control and experimental animals indicates the actual 
presence of negatively transferred response patterns as 
the probable cause of the differences, we can be doubly 
sure of the significance of the findings. This seems to 
be the case as the analysis of the response patterns indi- 
cates. The percentage of trials for each response 
pattern is given in Table 26 for Scries D and Table 27 
for Scries E. These data show the same trend as was 
evident in the analysis of the response patterns of Scries 
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A, B, and C in Experiment II. But they also show more 
than the same trend. In Series D, 84.6% of the re- 
sponses in the first division of trials were ^-runs, and the 
average for 40 trials is more nearly comparable with 
that of Series A than with that of Series B. In Series 
E the percentage of e-runs was much lower all through 
the course of learning than was the case for Series C. 
The percentages for 40 trials were 12,9 for Series D and 
28.1 for Series C. The percentage of the more explo- 
ratory i- and /-responses were likewise decreased. The 
percentage of perfect responses, moreover, was nearly 
twice as great for Series E as for Series C. 

In view of the difference in age between the animals 
of Experiment II and those of this experiment, the 
differences between the two control scries, E and C, and 
between the experimental scries, D and A or B, might 
be ascribed to age. Age was possibly a factor, but the 
similarity between the experimental series and the con- 
trol series for the two experiments is pronounced. This 


TABLE 26 

PURCBNTAOE OF TMALS FOR EaCU ReSPONSB PaTTBRN 

Series D on Maze 1 


Trials 

a 

h 

Response patterns 
/ e 

d 

P 

1-4 

S+,6 

0.7 

8.1 

IJ 

0.0 

5.1 

S-R 

5S.L 

2.9 

5.9 

17.6 

2,2 

16.2 

9-12 

49.2 

1,5 

1.5 

20.6 

11.8 

15.4 

13-16 

45.6 

2.2 


15.4 

19.1 

16.9 

17-20 

44.1 

0.0 

0.7 

11.2 

23.5 

18.4 

21-24 

43.4 

0,0 

0,7 

12.5 

25.0 

IB.4 

25-28 

37.5 

0,7 

0,0 

14.7 

24.3 

22.8 

29-32 

38,2 

L5 

0.0 

14.7 

21.3 

24.3 

33-36 

42.6 

0,0 

0.7 

11.8 

23.5 

21.3 

37-40 

45.6 

0.0 

0.0 

8.8 

18.4 

27.2 

1-40 

48.6 

1.0 

1.8 

13.1 

16.9 

18.6 
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TABLE 27 

PuRcawTAOB OP Trials for Each Ruponsb Pattern 
Series E on Map.b 1 


Triiils 

n 

h 

paiicrnu 

if 

A 

1-4 

37.4 

5.3 

13.0 

14,8 

3.7 

3,5 


20.4 

2.B 

0.9 

44.4 

23.1 

8.3 

9-12 

14.S 

0.9 

0.0 

31.5 

38.0 

14.8 

13-16 

6.5 

0.0 

1.9 

U.5 

53.7 

19.4 

17-20 

6J 


0.0 

6.5 

63,9 

23,1 

21-2+ 

6.S 

0.0 

0.0 

5.6 

6ia 

26.8 


9.3 

0.0 

0.0 

2.8 

51.8 

36.1 

29-32 

10.2 


0.0 

0.0 

43.5 

46.3 

33>35 

9.3 

0.0 

0.0 

3.7 

35.2 

51.8 

37-40 

10.2 


0.0 

0.9 

33.3 

55.5 

1-40 

15.1 

HI 

1.6 

12.9 

40.7 

28.8 


simllftrity, however, is no more outstanding than the 
dissimilarity between the experimental and control 
series in each experiment. So far as the character of 
performance ia concerned in these experiments, age is 
a relatively insignificant factor ns compared with the 
influence of interference learning, 

The location of the interference in this experiment 
was the same as in Experiment II. A comparison of 
the percentages of trials for each response pattern for 
Series D and E shows that the interference in D con- 
sisted of the persistently large percentages of «-re- 
sponses. The first part of the <j-rcsponse pattern was 
an exact repetition of the true path to food in Maze 3. 
Series E, the control animals, also made a large per' 
centage of d-responses in the first four tri.ils, but this 
percentage rapidly decreased. The a-response did not 
become a persisting habit in Scries E. The a-response- 
pattern was more than a fixated chance route to food. 
The differences between the control and experimental 
animals in the percentages of b- and /-responses were 
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TABLE 28 

Mean Number of Response Patterns a and J/5 Per Animal 

Maze 1 


Trials 

Paltcrft a 

ScriGO D Series E 

Patterns df 

Serlcfi D Scries E 

1-20 

ii.a 

4.22 


10.14 

S.D. 

6.74- 

3.97 

6.02 

5.14 

21-40 

t,26 

1.81 

9.08 

17.tf3 

S,D, 

8s78 

4,30 

9.35 

4.73 

1-40 

19.38 

6.03 

14,2fi 

27.81 

SM. 

14,48 

IM 

14.77 

8.43 


slight. But in the case of </-responses, and perfect re- 
sponses in both of which the animal took the right 
direction for food, Series E, the control group, was 
clearly superior to Series D, the experimental group. 

The importance of these differences in learning the 
general direction of food was developed in another 
method. The average number of a- and i^/>-response- 
patterns for each series of animals was determined for 
the first 20 trials, for the second 20 trials, and for total 
trials. These data and the standard deviations are pre- 
sented in Table 28. The large standard deviations for 
Series D in the last 20 trials and for total trials was 
due to skewed and slightly bimodal distributions. The 
fl-response was the prevailing pattern in Series D, but 
a few animals in each experiment seemed to be alto- 
gether free from interference. This agrees with the 
findings in other studies of interference.” The per- 
formance of experimental animals that are free from 
interference is similar to the perfonnance of control 
animals. The absence of a-runs after the first few 
trials usually means a greater frequency of response 


”See (7, 8, nnd 35). 
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patterns d and p. In Scries E, the control group, the 
distributions arc skewed, but not blrnodal. The distri- 
butions of fl-runs arc much skewed toward higher 
scores, whereas the distributions of d-runs are skewed 
toward lower scores. It docs not seem likely that these 
departures from the normal curve will affect the re- 
liability of the differences to any great extent. 

The differences between Series D and E in the mean 
number of and r//»-rcsponse'patterns and the standard 
errors of these differences arc presented in Tabic 29. 
The critical ratios are on the average about four to one. 
Some are lower, but some are higher. The reliability 
of the differences seems assured. The real importance 
of the differences consists, moreover, in the fact that 
they are large as compared with the means themselves. 

The conclusion that seems most plausible in view of 
this data is that the food-direction habit acquired in 
learning Maze 3 materially interfered with learning 
the new direction of food. Series E, the controls, made 
a large percentage of (^-responses in the first four trials. 
This was also true of the control animals in Experiment 
II, but both series very soon switched over to d- and 

TABLE 29 

DirPBRIINCBS BBTWfiBN TUB ExPBRIMBNTAL AnIMALS AND CoN- 


TAOL Animals 

IN TUB Mean Number or Resfonsk 

Pati'iirns 


a 

AND dji 





n-E 




Pnitcrn 

a 

Pnderns tip 

TriftU 

Difference 

rni 

Difference 


U20 

6.89 

1.39 

— 4.97 

I.U 

21^^0 

6,45 

1.72 

— 8.55 

1.87 

1^40 

13.35 

2.8i! 

—13.55 

2.84 
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^-response patterns. The larger percentage was d- 
runs, which means the animals took the first turn to the 
right side of the maze. This shift in performance 
from a- to ^/-responses was made in spite of the fact 
that the «-response is just as economical as d in dis- 
tance and time. The relative efficiency in time and 
distance of the different response patterns is clearly not 
the only factor in the selection of responses. The re- 
sponse patterns a, d, and p are not simply successions 
of response elements, mere linkages, due to frequency 
or recency of association. They are unitary responses 
and their elements are determined by some organizing 
factor. The response system might well be called in 
this instance a food-direction habit, but the unity of 
such a response pattern, or system, is probably due to 
something more inclusive and compelling than con- 
tiguity of the associated elements. 

Summary 

1. Two series of male rats with an average age of 51 
days were used in this experiment. The experimental 
group, Series D (34 animals), was trained to complete 
learning and relearning of Maze 3, the interference. 
Both Series D and Series E (27 animals) were given 
40 trials in Maze 1. 

2. The interference habit was overlearned by means 
of a relearning test given three days after first learning. 
Incentive was intensified, first, by quantitative stinting 
all through learning, and, secondly, by additional 
stinting at the time of beginning learning in each maze. 

3. Learning the interference, Maze 3, revealed 
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some clear evidence that intensifying food incentive 
(a) improved first learning, and {b) significantly im- 
proved the retention of the automatism of the perfect 
response. 

4. The differences betvireen Series D and Series E 
in both the mean total distance scores and the mean 
total time scores for the last 16 trials were significantly 
in favor of better learning for the control animals. 
For Trials 5-40 the differences were two times their 
standard errors and likewise in favor of better learning 
in the control animals. 

5. AH through the different levels of practice the 
control animals improved consistently both in time and 
distance scores as the averages for each level of prac- 
tice indicate, but for over 20 trials the experimental 
animals made almost no progress in distance scores. 

6. The cause of the interference, or retarded learn- 
ing, in Series D was the persistently large percentages 
of fl-responsc-patterns. The first part of response a 
consisted of what was the perfect response in learning 
Maze 3. A large percentage of ^-responses was also 
made by the controls in the first four trials, but they 
very rapidly shifted from this response to responses 
d and p. 

7. The differences between Series D and Series E 
in the mean number of a- and i^j^-responses were ap- 
proximately four times their standard errors. By the 
end of 12 trials over 50% of the control animals had 
the general direction of food, By the end of 20 trials 
this percentage was increased to 89. But the largest 
percentage of responses for the experimental ani- 
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mals in any Jevel of practice was 47. The food- 
direction habit acquired in learning the interference. 
Maze 3, interfered significantly with learning the new 
direction of food. 



V 


NEGATIVE TRANSFER IN VERY YOUNG 

RATS 

The resulta from Experiments II and HI indicated 
that interference can persist over a long period of 
training and in such degree as to retard learning sig- 
nificantly. It appeared also that interference was most 
pronounced under the conditions of strong incentive 
and of overlearning the interfering habit. Both of 
these conditions were conducive to a high degree of 
automatism. 

In view of these findings, it seemed that the most 
crucial test of interference would be in experiments 
with very young rats. If the spread in influence of 
any negatively transferred habit should be great, and 
if such a habit should be developed in the early stage 
of immaturity, its influence might be far more detri- 
mental than when developed later. On the other hand, 
it seemed possible that poorer learning ability, poorer 
retention, or poorer automatism of the response pattern 
(due to poor motor coordination) might exclude inter- 
ference altogether in the very early stages of imma- 
turity, or reduce its duration to the point where its 
influence would be negligible. In Experiment IV. 
therefore, very young rats were used. It was decided 
to develop the interfering habit at the earliest age pos- 
sible using food incentive. 

Procedure EuperimenI IP' 

Animals. Three scries of male rats — {a) Scries F, 
[ 462 ] 
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31 experimental animals, (b) Series G, 25 learning- 
control animals, and (<r) Series H, 28 growth-control 
animals — were made up in the following manner. 
Series F and G were weaned on the eighteenth day of 
age. Scries H was not weaned until three days before 
beginning training, but not later than the thirtieth day 
of age. The groups were made up at the time of 
weaning Scries F and G. Only litters with three or 
more normal males were used. Each litter contributed 
to each series. The selection of mates for the three 
series was done according to the nearest like weight, 
excluding all littermates that were outside a range of 
differences of five grams. But all littermates within 
that range were placed in one of the three series in 
such a way as to keep the scries as nearly equal in 
weight as possible. The mean weight per animal in 
grams, the mean difference between the littermates for 
the different series, and the standard deviations of these 
distributions arc given in Table 30. The weights of 
the animals were taken to the nearest half gram. The 
maximum difference between any two littermates was 

4.5 grams, Of all the differences, only six were above 

2.5 grams. The differences in mean weight for the 


TABLE 30 

Mean Wuight in Grams nm Animal, Mean Difference 
BETWEEN Littermates for Different Series, and Standard 
Deviations of Distiueutions 

Mean ililTcrcncea between 
Menu weight liLterjnntc.s 

(Granin) (tJniniii) 



ScricH F 

Scriea G 

Scricn 11 

F-G 

I- 1 1 

(MI 

Mean 


21,65 

22.07 

1.016 

1.177 

1.550 

S,D. 

3.90 

4.IU 

4.06 

.690 

1.104 

.969 
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three series are almost negligible, and the standard de- 
viations are approximately equal for the three series. 
The weaning of Scries F and G at 18 days of age 
Introduced several problems, The first was to get the 
weaned rats to eat. This was especially urgent since 
it was decided to begin training the experimental ani- 
mals, Series F, at 20 days. The diet consisted of white 
bread soaked in whole sweet milk with cod liver oil, 
On the first few days after weaning, the food was left 
in the cage for a half-hour. The animals were aroused, 
and the dish of food was placed in the nest. Those 
animals that would not touch it at the second feeding 
were introduced to it by pressing their snouts gently 
into the wet feed. This may not have been necessary, 
but in several cases it very obviously hastened their first 
eating. All animals in Series P and G had learned to 
eat by the twentieth day. The time for eating was 
gradually reduced from one-half hour during the first 
four or five days after weaning to five minutes after 
each trial in learning Maze 1. 

The most difficult problem was that of handling the 
growth-control group, Series H. The weaning of 
Series F and G left all litters abnormally small in num- 
ber. It seemed absolutely necessary to keep the litters 
normal in size so that Series H would represent normal 
development. To increase these litters to normal size 
the following methods were employed. In most in- 
stances there were two or more litters of the same age 
in days. In this case the mother with the larger litter, 
and especially with the larger number of males, was 
selected to be the mother for two litters of the H scries. 
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If the litter was still too small it was increased in size 
to six or seven by adding young females. When only 
one litter was organized, the control mother was given 
additional rats from the females of large litters of 
slightly older, or slightly younger, rats, selecting those 
similar in size to those of her own litter. In no case 
was any mother given a larger litter than she had had 
previous to weaning the F and G series. The rats that 
were transferred to other mothers showed no indica- 
tions either in weight changes, or in any other way, 
of being poorly fed, or out of place. Not a single one 
was lost as a result of the transfer, and not one had to 
be discarded because of depreciation in rate of growth 
in weight. 

The mean weight and the standard deviations of the 
distributions for the three series at 28 and 40 days of 
age are presented in Table 31. The slight differences 
between Series F and G were probably of no conse- 
quence. At 28 days of age, the mean for Series H is 
considerably higher than for Series F and G. This 
may have been due partly to the fact that Series F and 
G were weighed before being fed, whereas Series H 
were not yet weaned. The reason for the lower weight 
of Series H at 40 days of age is not clear. All litter- 


TABLE 31 

Mean Weight in Grams of Young Rats at Two 
Different Aces 


Age 

ScricB n* 

Series G 

Series ir 


3S.46 

35,39 

38.yi 

S.D, 

<i.7H 

5.79 

5,42 

40 

72,33 

71.23 

68,B9 


13.91 

12,58 

12,06 
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mates were caged together and Scries H had then been 
on the experimental diet for ten days at least. From 
the standpoint of weight, it seems that the weaned ani- 
mals suffered no disadvantage from the the very early 
weaning. 

Learning Procedure. The distribution of practice 
was two trials a day, one in the morning between 7:30 
and 10:00 o’clock, and the other in the evening between 
7;00 and 9;30 o’clock.*® Two trials a day instead of 
one were given because the first requisite was the com- 
plete learning of the interference habit during the very 
early stage of development. It did not seem advisable, 
moreover, to feed less frequently than twice a day, or to 
feed without running the animals. 

The learning situation was similar to that of Experi- 
ment IV, The experimental animals, Series F, were 
given the following training; («) complete learning 
of Maze 3, (i) rest three days (six practice periods), 
(c) complete relearning of Maze 3, (d) rest si.x prac- 
tice periods, and {e) 40 trials in Maze 1. The control 
animals, both Scries G and H, were given 40 trials in 
Maze 1 only. Each experimental animal and its con- 
trol mates began training in Maze I in the same prac- 
tice period. 

liesulls 

Learning the Interference. Rats at 20 days of age 
perform very differently in the maze from what is 
characteristic of older rats. General exploratory rc- 

^‘'Thc order of running tlic different groups of animiiln was kept 
constant. Consequently, tlic time of running any animal did not 
vnry more tlinrt a half Ijour from day to day. 



tlABlT INTBRfHRENCK IN MAZE LEARNING 


467 


actions are almost lacking. The most characteristic 
behavior is face-washing, turning around repeatedly in 
one place in the maze, and many very short ventures 
with retracing. The first one or two trials were con- 
sequently very tedious. The mazes, however, were 
well adapted to very young animals. The distances 
were short and the maze patterns were simple. The 
31 experimental animals all completed the learning 
and relearning of Maze 3 by the thirty-fourth day of 
age. The distribution of the ages for completing this 
learning is shown below; 


Age 

27 

28 

29 

30 

31 

32 

33 

34 

Frequency 

2 

6 

13 

6 

1 



3 


With the exception of three animals, all of Series F 
completed the interference learning at a very early age, 
i.e., by 31 days of age. 

The results obtained from very young rats in learn- 
ing Maze 3 were unusual. The real significance of the 
results for later learning in Maze I will appear most 
clearly in a comparison with the results from older 
experimental series. Tabic 32 shows the mean total 
scores for Series F and two series of older animals,” 


clifiFcrcnccs 
following tabic; 

behveen 

the three scries arc presented in the 

Series 

Age 

Diatrlb. 

prncticc 

Food 

F . 

20 

2 triiiln 

Wliolc milk, white bread, cod liver 

N 

60 

n tiny 

1 trinl 

oil. Fed to mnticty twice a day. 

Same nn for F except once n day and 

1 

D 

51 

a day 

1 trial 

lint over ten miiuUcs for cnliiig. 
Skim-milk, white brcntl, cod liver oil, 


(44^SS) 

n day 

'L'imc for nix minutca once a 

day. Additional quantitative Blinting 
in heginniiiK learning. 
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TABLE 32 

Mban Total Scorbs for Uippbrent Seribs op Experimental 
Akimau IK Lbarniko and Rblbarnino Maze 3 


Series 


Lcmning 

Meanduiqnce Meatiinalu 


RclcarnliiK 

Mean dhtahce Mean lime 


ScrlM F 

IA2M 

9.62 

2171 

15.55 

SM, 

65,87 


14.9 L 

10.78 

Series N 

si.oa 

6.07 

27.21 

14.43 


27.51> 

1.78 

12.10 

10.49 

Series D 

4l7i 

4.74 

21.00 

7.54 

S,D. 

19.62 

1.47 

0.00 

1.65 


The differences between F and N and between F and 
D arc apparent in the mean total scores for first learn- 
ing. In relearning there was no important difference 
between Series F and N. The magnitude of these 
differences and their standard errors are shown in 
Table 33. For mean distance and mean trial scores in 
first learning the differences are from five to eight times 
their standard errors. Since the only difference other 
than age between Series F and N was in distribution of 
practice, the comparison casts a strong presumption In 
favor of poorer learning ability in very young rats. 
This is in agreement with Liu's (65) findings in his 
study of the relation of age to maze-learning ability. 

TABLE 33 

blPFBRBNCHS ESTWEBN TUB MbAN ToTAL ScORBS OP VkRY YoUNO 
Animals and Two Series of Older Animals Intbrfbrbnce- 
Lbarnino, Maze 3 

Lenrnln^ ^ Rckarniniif 

Seiifii DlmnncQ Trioh Distance T»»e 


F-N 

82.00 

3.55 

1.54 

1.12 


11.94 

0.70 

4.20 

3.-U 

F-D 

101.27 

4.88 

7.75 

8.01 

Ht T— mg 

12.18 

0.58 

2.68 

1.9S 




HABIT INTDRFERRNCE IN MAZE LEARNING 


469 


He found that maze-learning ability in rats improved 
rapidly from 30 to 75 days of age. Results to be pre- 
sented in this report will show that the difference be- 
tween Series F and N in distribution of practice was 
probably of no importance in this connection. There 
was probably a significant difference between very 
young and older rats in learning ability. 

Differences ui Tolat Distance and Total Time 
Scores. The mean total scores for distance and time 

TABLE 34 

Mean Total Scores and Standard Deviations 
Maze 1 


Trialfl 

Series F 

Distance 
Series G 

Series H 

Series F 

Time 
Series G 

Scriofl K 

1-+ 

90.16 

116.20 

96,67 

115.3S 

217.08 


S.D. 

60.0a 

64.51 

43.91 

132.41 

139.14 

103.37 

5-a 

59 JO 

63,36 

65.96 

31.32 

32.68 

36,37 

S.D. 

22.63 

18.82 

24.15 

27.27 

15,36 

21.55 

9-12 

54 J 9 

57.00 

62.64 

23.92 


27.26 

S.D, 

19.77 

17.51 

22.73 

U.S6 

9.41 

15.46 

13-16 

42.51 

47.H 


19.79 



S.D. 

17.17 

11,72 

13,78 

11.37 

10.86 


17-20 

46.90 

50.08 

48 .21 

18.43 

17.63 

18.82 

S.D. 

17.87 

12.38 

15,27 

9,35 

6,57 

15,46 

2U24 

47.42 

46.92 

49.85 

18.27 

16.46 

17.59 

S.D. 

15.38 

L3.80 

12-42 

8.9S 

6.68 

7.U 

25-28 

39.10 

45.35 

49.00 

14.87 

15,18 

16.95 

S.D, 

10.78 

11.84 

14.09 

6.24 

5.68 

7,33 

29-32 

38.77 

45.28 

49.00 

15.49 

15.61 

17,95 

S.D, 

15.32 

12.35 

12.32 

8.73 

3.97 

8.37 

33-3(5 

39J6 

44.88 

4J,92 

14,15 

16.83 

15.33 

SM. 

10.13 

10.95 

13.24 

6,01 

7.34 

5.94 

37-40 

35.48 

41.36 

41.78 

12.60 

15.46 

15.12 

S.D, 

8J7 

9.71 

10,36 

5.80 

5.69 

5.96 

25-40 

152.51 

176.88 

182.71 

57.12 

63.10 


S,D, 

36.57 

38.96 

42.31 

20.65 



5-40 

409.29 

442.08 

463,39 

168.87 

172.18 

186.34 

S.D, 

92,54 

86.84 

79,34 

58.73 

40.98 

i4.42 

1-40 

498.80 

558.28 

560.07 

284.25 

389.27 


SM. 

127.29 

115.90 

95.68 

158.01 

128.93 

121,55 
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for different divisions of trials were determined in the 
same manner as in other experiments. These means and 
the standard deviations of the distributions of total 
scores arc presented in Table 34. The most important 
fact in this table is the complete reversal of the direc- 
tion of the transfer from what was obtained in experi- 
ments with older animals. Scries G, the learning-con- 
rol group, did catch up with Series F in TraU 12-16, 
but Series F improved more rapidly in later trials than 
either of the control series in both distance and time 
scores. The larger divisions of trials also show that 
Series F had the advantage. The clifferenccs between 
Series F and G in the means of the total distance and 
total time scores and the standard errors of these 
differences are presented in Tabic 35. The differences 
are all in the same direction for the later divisions of 
trials and for Trials 5-40, but they arc not quite statis- 
tically significant, That positive transfer, neverthe- 
less, was more effective than any negative transfer that 
might have developed seems conclusive, 

TABLE 35 

Bippbrbnces between the Means and the Standard Errors 

OP THE DiFPERBNCHS 

Maze 1 


Trittl* 

Distance 
Difference S , 

f-g 

— m 

L S 

A 

Time 

l^ifTerencc .5 

1 » 

33-36 

— 5-72 

278 

— L33 

1.82 

37-40 

— 5.«8 

2.43 

— 2.tt6 

1.54 

2540 

—24.37 


—5.98 

S.57 

5-40 

—32.79 

24.04 

—3.31 

13.36 


•Scries F were liie expciimentni nmmnlii nmi Serien O were \\\t coiiUol 
animali. 
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The means in Table 34 indicate slightly poorer learn- 
ing in six out of ten levels of practice for Series H than 
for Series G. The differences are not statistically sig- 
nllicant in view of the size of the standard deviations. 
What may have been the causes of these slight differ- 
ences is not clear. There was no difference in feeding 
after weaning, and no difference in practice procedure. 
The absence of any significant difference between 
Series G and H indicates that the early weaning and 
the diet and feeding probably did not affect the normal 
development of the learning ability of the animals in 
Series F and G. 

Differences in Response Pallcrns, The fact that no 
evidence of negative transfer was apparent in the differ- 
ences between the experimental and control animals in 
the mean total scores for distance and time is not proof 
that it was not present. The fact that the differences 
indicating positive transfer were not quite significant 
indicates that some negative transfer may have been 
present. The analysis of performance throws some 
light on this problem. 

Performance was recorded graphically os in the case 
of older rats in other experiments. An examination of 
these records revealed no new response patterns, and 
no need for a different classification of responses. Two 
methods of treating the data on response patterns were 
employed, {a) The percentage of trials for each re- 
sponse pattern for the different levels of practice was 
ascertained. {/;) The mean number of certain re- 
sponse patterns per animal was computed for different 
divisions of trials. 
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The results by the first method are presented in 
Tables 36, 37, and 38. A comparison of the percen- 
tages of fl- and A-responscs for Series F and G shows 
that negative transfer was present The percentages of 
both of these patterns were considerably higher than 
for cither of the control scries. But, as compared with 
older experimental animals, the percentages for Series 
F are similar only in the first eight trials. In Trials 

TABLE 36 

Pbrcsktaqb op Thuls for, Each Rebi>onsb Fattbrn^ 
Sbribs F on Maxh 1 


Trl«l* 

it 

b 

/ ^ 

d 

P 


62,9 

U 

14.5 

6.4 

Lb 

6,4 


M.9 

9.7 

1.6 

17.7 

4.8 

24.2 

9-ia 

34.7 

7.3 

0.8 

17.7 

10.5 

29.0 

13-16 

31.4 

6,4 

0,0 

13.1 

14.5 

35.5 

17-20 

iU 

3.2 

3.3 

9,7 

24.2 

41.1 

21 -U 

17.7 

4.0 

0.0 

13.7 

27.4 

37,1 

25-28 

31.0 

1.6 

0.0 

4.0 

23,4 

50.0 

29-32 

13.3 

4.8 

0.0 

4.8 

14.5 

60.5 

33-36 

29.8 

0.8 

0.0 

4.0 

19.4 

46.0 

37-4D 

20,2 

OJi 

0,0 

i,6 

17 J 

59,7 

i-40 

39.35 

4.67 

2.01 

9,19 

15.10 

38.94 



TABLE 37 




Pbrcbntaok of Trials for Each Rbsponsb Pattern 



Sbribs G on Ma/.b I 






Rcftpon&e naiicinft 



Trials 

a 

h 

/ 

f 

d 

/> 

1-+ 

32.0 

5.0 

28.0 

18.0 

7.0 

10.0 

3-S 

16.0 

6.0 

4.0 

17.0 

37.0 

zo.o 

M3 

11.0 

5.0 

l.O 

19.0 

46.0 

18.0 

13-16 

4,0 

l.D 

0.0 

IQ.D 

59,0 

26.0 

17-20 

5.0 

1.0 

0.0 

15.0 

58.0 

31.0 

21-24 

2.0 

0.0 

0,0 

lO.O 

62.0 

26.0 

25-28 

3.Q 

0.0 

0,0 

7.0 

60.0 

30.0 

29-32 

4.0 

0.0 

0,0 

S.O 

62.0 


33-36 

ll.O 

1.0 

0.0 

6.0 

55.0 

37.0 

37-40 

7.0 

0.0 

0.0 

5.0 

47,0 


1-40 

9.5 

1.9 

3.3 

M.2 

49.3 

34.8 
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TABLE 38 

Percentage of Trials for Each Response Pattern 
Series H on Maze 1 


Trials 


b 

Respottsti paUcrtiB 
f r 

d 

P 

i'4 

4LI 

8.0 

20.S 

9.8 

2.7 

17.9 

S-B 

11.6 

+,5 

4,5 

30.3 

2Z.3 

26.8 

9-12 

8.0 

3.6 

2,7 

2+.1 

40.2 

21.4 

13-lti 

12.5 

0.9 

0.0 

16,9 

49.1 

20.S 

17-20 

9.8 

0,9 

0.9 

9.8 

51.9 

26.8 

21-24 

5,3 

0.0 

0.0 

16.1 

S4.5 

24.1 

2S-28 

6.2 

2.7 

0.0 

15.2 

49.1 

26.8 

29-12 

5.3 

0.0 

0.0 

21.4 

43.7 

29.5 

33-36 

8.0 

0.0 

0.0 

10.7 

42.8 

38.4 

37-40 

10.7 

0.0 

0.0 

6.2 

42.8 

40.2 

1-40 

11.87 

2.05 

2.8 S 

16.07 

39.90 

27.23 


TABLE 39 

Percbntaqb of Trials for Resfonsb Pattern a for Different 
Divisions of Trials and Different Series of Animals 


Trlol, 

F 

ScdcB of experimental animalB* 

N 1) A 

B 

1-4 

62.9 

80.3 

84.6 

67.7 

55,4 

5-8 

41.9 

57,1 

55.1 

63.6 

50,9 

9-12 

34,7 

55.3 

49.2 

60.3 

38.4 

13-16 

31,4 


45.6 

54.2 

49.1 

17-20 

18.5 

57.1 

44.1 



21-24 

17.7 

64.3 

43,4 

49.0 

34.8 

25-28 


58-9 

37.5 

4L8 

35.7 

Z9-32 

15.3 


n.z 

44.8 

41.( 

33-36 

29.8 

58.9 

42.6 

41.6 

42.9 

37-40 


51.8 

45.fr 

39.6 

44.6 

1-40 

29,35 


48.6 

51.6 

42-6 


^The fuli results for Series A and B were reported in Cltapter Ilf, for 
Series D in Chapter IV, Scries N hits been described in ihis chapter, 


17-40 the percentages of a-responses are approximately 
only one-third to one-half as large as for other experi- 
mental groups. This is shown in Table 39. As com- 
pared with older animals, tlic interference in very 
young animals broke down rapidly after the first 16 
trials. It was very probably this marked decrease in 
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percentages of ^-responses that produced a difference 
in distance scores in favor of positive transfer. 

The question might be raised : were the differences 
in performance between the control and experimental 
animals significant? This is developed in the treat- 
ment of response patterns by the second method, 'f'he 
mean number of a- and //y>-responsc-patterns for differ- 
ent divisions of trials is shown in Tables 40 and 41. 
The differences between Series F and G are significant 
for both fl- and <//»-patierns. The negative transfer of 
the food-direction habit acquired in learning Maze 3 


TAItLE 40 

Msak Number op Respokse Pattbrns per Animal 
Ma7.b 1 


Trlnle 

rattorn a 
Series Series 

F* G 

Series 

H 

Serin 

F 

raiicrns i//t 
Series 

a 

Series 

11 

1>20 

7.51 

2.72 

3.42 

7.71 

12.08 

11.17 

S.D. 

5.SS 

2.i2 

s.o^ 

4.88 

4.56 

5.44 

21-10 

4.13 

M2 

l.-IS 

J4,22 

17,52 

15.67 


5,72 

1J9 

2S1 

6.19 

4.06 

5.06 

1-40 

J1.6+ 

3.84 

•I.S5 

21.93 

29,60 

26.85 


9.92 

3.27 

S.26 

9.89 

7.65 

9.H 


*Thff cipenmciiul nnimals were Series F, The control anirnnis were 
SerlQB Q and IL G was ilia lenrning control. 


TABLE 41 

Difpbrgncbs detwebn Sbribs F anp G in the Mean Numder 
OF Responsk Patterns 
Maze I 


Puiicrii t\ PaiicriiK 

o 1.^ - 


Trials 

niUcrcncc 

Illy 



1-20 

4.79 

r.l7 

—1.37 

1,26 

2^^0 

3.01 

1.06 

—3.30 

K3H 

1-40 

7.80 

1.90 

—7,67 

2,28 
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TABLE 42 

Mean Number of Response Patterns d and per Animal 

Maze 1 



PaUcj'U f/ 

Pniiern 1* 

Trials 

Scrica F 

Series G 

Series r 

Series G 

1-4(1 


19-72 

15-58 

9.88 

S.D. 


11.45 

9-93 

9.31 


'FABLE 43 

Differences between Series F and G in the Mean Number 
OF Response Patterns 



Pouern J 

Paltcrn p 

Trials 

Dilferencc 

Di (Terence 

1-40 

—13.37 2.62 

5.70 2-58 


did interfere significantly with learning the new direc- 
tion of food. Tables 42 and 43 indicate that positive 
transfer was also presenL The difference between 
Series F and G in the mean number of d-responses is 
negative and five times its standard error. The experi- 
mental animals did not enter the first blind alley to the 
right side of the maze as frequently as control animals. 
They had been negatively adapted to that alley in 
learning Maze 3. The low percentages of responses 
a and d as determined by the influence of previous 
learning necessarily meant higher percentages of other 
patterns, including perfect responses. The data show 
that the increase was in percentages of perfect re- 
sponses which meant positive transfer. 

The real significance of the data on negative transfer 
in young rats tiepends somewhat upon the compara- 
bility of these data with similar data from older ani- 
mals. In learning Maze 3, the very young showed 
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much poorer learning than older animals. In one com- 
parison the only important difference in procedure was 
the difference in distribution of practice. The ques- 
tion is: did this difference in distribution of practice 
account for the difference in learning? This can be 
answered rather conclusively. The same difference in 
distribution of practice was observed in learning Maze 
1. The results from this second learning should throw 
some light on the influence of the difference in distri- 
bution of practice. The mean total scores for different 
scries of animals in learning Maze 1 are shown in 
Table 44. Series O (14 animals) was the control 
group for Series N, The other series were described 
in the first part of this chapter. The most important 
comparisons arc between Series F and N and between 
Scries G and O. In Trials 25-40, the two control 
groups show almost no differences either in mean dis- 
tance or mean time scores, For the same division of 


TABLE 44 

Mean Total Scores tor Dipprrbnt Srrihs op Amimals 

Maze I 


TrUlB 


Experimental 

N 

D 

G* 

Control 

0 

E 

;!5-40 

152.51 

Distance Scares 
178.71 192.61 

176.88 

175.57 

152.88 


36.57 

32.46 

51.55 

38.96 

35.14 

31.12 

S-IO 

409.29 

422.85 

470.08 

442.08 

474.07 

421.61 


92.5+ 

59.38 

108.66 

86.84 

66.53 

81.67 

25-40 

57.12 

Time Scores (Seeoniis) 

59.00 68.96 63,10 

63.12 

52.93 

S.D, 

20.65 

13.46 

22.74 

20.80 

14.29 

13.41 

5-40 

168.87 

150.01 

191.32 

172.18 

209.89 

165.48 

S,0. 

58.74 

38.86 

58.56 

40.98 

55.79 

40.02 


‘Scries G, 0| and \l were the control Kroiips for SericH F| N, and D> rc 
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trials, the experimental animals, on the contrary, show 
just the reverse of the differences obtained In learning 
Maze 3. The very young experimental animals show 
better learning. The difference between F and D is 
even more pronounced. The significance of these 
differences is shown in Tabic 45. There were no sig- 
nificant differences between the controls of very young 
rats and the controls of older animals. In Trials 25- 
40 some of the differences between very young experi- 
mental animals and older experimental animals are 
significant, but for Trials 5-40 none of the differences 
is significant. These data show no difference in learn- 
ing due to difference in distribution of practice. There 
were no significant differences between comparable 
control series. Moreover, seven differences out of 
eight indicated better learning in very young experi- 
mental animals than occurred in older experimental 
animals. In view of this latter fact, it should be re- 

TABLE 45 

Differences between tub Mean Total Scores of Very Youno 
Rats and Two Series or Older Rats 
Maze 1 


Trials 

Expcrimenint animals 

P-N P'D 

Coiurol aniinalB 

G-0 G-E 

2J-40 

—27.20 

DhiartCf 

—AOAO 

1.31 

24.00 

S,E. 

10.88 

11.02 

12.19 

9.86 

5-40 

—13.56 

—60.79 

—31.99" 

20.27 

S.E. 

22.08 

24.97 

21.57 

23.72 

25-40 

—1.88 

Time {Secotufs) 
—11.84 

— 0.02 

lo.ir 

S.B. 

5.16 

5.38 

5.64 

4.90 

5-40 

18.56 

—22.45 

— 37.7r 

6,70 


14.80 

14.56 

17.02 

11.25 

•Large <ii(T<irci\ccR here were rUic to two very 

Urge ttcorca in Trials 4-8, 
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called here that negative transfer was much more pro- 
nounced in all scries of older experimental animals. 
That, and not the difference in distribution of practice, 
probably accounts for better learning by very young 
experimental animals in Maze I, 

Summary 

1. Three series of very young male rats were made 
up of littermates selected for nearest like weight. The 
experimental animals and the learning control were 
weaned at 18 days of age. The growth-control animals 
were weaned at 28 to 30 days of age. All control Utters 
for Series H, the growth-control group, were kept aver- 
age in size.'* 

2. The learning procedure for Series F was as fol- 
lows: (a) complete learning of Maze 3, beginning at 
20 days of age, (b) rest three days, (c) complete re- 
learning of Maze 3, (d) rest three days, and (c) 40 
trials in Maze I. The controls, Scries G and H, were 
trained only in Maze 1. The distribution of practice 
was two trials a day, one in the morning and one in 
the evening. 

3. Rats were successfully weaned at 18 clays of age. 
They were fed white bread soaked in whole milk with 
cod liver oil. Their growth in weight was normal as 
compared with the growth of animals not weaned until 
30 days of age. Food was left in the cages a half-hour 
on the first few days, then for live minutes after each 

*“Thc litter.'! were incrcascrt in number to six, seven, or cikIu by 
supplying rnts from otiicr litters. Usunlly these nmde-up litters were 
six or seven, but never less, and never above eiglit. 
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practice period in Maze 1. The animals were fed to 
satiation. 

4. The results from the learning in Maze 3 by 
Series F show (a) that rats can begin learning a simple 
maze at 20 days of age, using food for incentive, and 
{b) that, by all criteria, the very young rats with two 
trials a day showed much poorer learning than older 
animals with one trial a day. The differences were all 
significant. 

5. In learning Maze 1 the mean total distance scores 
and the mean total time scores indicate (o) positive 
transfer as a result of previous learning in Maze 3 and 
(b) no significant differences between the learning- 
control and the growth-control groups. 

6. The analysis of performance indicates that both 
positive and negative transfer were probably present. 
The precentages of the interfering pattern, response a, 
were considerably higher for the experimental animals 
than for either control group. The food-direction 
habit acquired in learning Maze 3 did interfere signifi- 
cantly with learning the new direction of food in Maze 
1. Positive transfer appeared in the form of lower 
percentages of response d but larger percentages of 
perfect responses than for the control series. 

7. In the percentages of /7-rcspoiiscs a comparison 
of very young experimental animals with four series 
of older c.\ peri mental animals indicated (a) that in 
Trials 1-8 the percentages were similarly high for all 
scries, and (b) that in Trials 17-40 the percentages for 
very young rats were only onc-lhinl to onc-half as high 
as for older animals. 'I'his l)rcalc-dt>wn of the inter- 
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iering response patterns in very young animals, their 
large percentages of ^-rcsptmses, and their poorer 
learning in Maze 3, all suggest poorer integration of 
response patterns in very young rats than in older ani- 
mals. If this integration consists of postural units 
which arc set off by initial cues in the learning situation 
and which, by shorter or longer leaps, precede explicit 
performance, then age differences in learning and in- 
■ terfercnce may be explained. Learning was poorer in 
the early stages of immaturity and rapid development 
because (a) the postural units were shorter, less inclu- ^ 
sive, and (i) the fixation of response patterns was more 
difficult. The interference in very young animals was 
less pronounced and less likely to persist than in older 
animals (a) because the postural units constituting the 
integration of the response patterns were shorter, and 
(b) because the fixation of the interfering response 
patterns deteriorated more rapidly under the condi- 
tions of much more rapid muscular and neural de- 
velopment. 

8. The poorer learning of very young rats in Maze 
3 was probably due to poorer learning ability. In 
learning Maze 1 with the same difference in distribu- 
tion of practice there were no significant differences 
between the very young control animals and compara- 
ble series of much older control animals, 



VI 


NEGATIVE TRANSFER BETWEEN MAZES 
OF SIMILAR DIFFICULTY 

In the experiments with Mazes 2 and 4 and Mazes 
3 and 1 the experimental animals learned a very easy 
maze first and then a much more difficult maze. The 
plan of the investigation was to control this factor, 
difference in difficulty, by experiments with easy mazes 
of similar difficulty. The necessity for such experi- 
ments became especially urgent when the results from 
the experiments with very young rats indicated a rapid 
break-down in negative transfer after the first 16 trials 
in Maze 1. It Seemed possible that if the second maze 


7‘ABLE 46 

Tub Main Facts About thu Animals in Experiments with 

Similar Mazes 


Experi- 
ment Scries 

SCK 

Arc 

iV 

Methods Diet 

of Time 

Rfowplng per dfly 

(minutes) Composition 

V I 

F 

20 

2$ 

Liner- 
males of 

60-10 

White bread 
one pound; 

j 

(conlrol) 

F 

ZO 


nenrest^ 
liicc weight 


whole milk 
one quort; and 

VI K 

F 

30 

23 

No control 
Rroiip 

10 

Cad liver oili 
one dessert- 
spoonful 

VII L 

M 

75 

20 

Liucr- 
mnics of 

10 

While bread, 
one pound; 
wjiolc milk, 
one pint; 
skim-milk 
one pint; and 
cod liver oH, 
one dessert- 
spoonful 

M 

(control) 

M 

75 

21 

nearest 
like weight 
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TABLE +7 

Main Factb About tiih Procedure in Expcrimbnts with 

Similar Ma 7,R8 

Crherian of 

karninfs Triak 

Expcrk Mn/csi _ No. perf. trials each Pracilce 

ment Series IlabU lUhti llnliii Habit day procedure 

12 12 


1 3rf \a 

V . 3 

J U 

(control) 


M 3r; — rest 3 days — 
Rc. M 3ir — rest 
3 days — M lo — 
6 2 rest 6 days — Rc. 

M 

M ia — rest 6 days — 
Rc, M la 


vr 

K 3a 

lit 

6 0 

i 

M 3 cla>’» — 






M ia 


L 3o 

U 



M Ilf — rest 3 days— 






Re. M 3fi— rest 3 
dnyii — M Id — rest 

VI 1 

A 


3 ^ 

I 

6 diiyi — Rc. M In 
—rest -40 dnye — 






Rc. M Iff 


M 

\a 



M Irt — rent C days— 


(control) 




Rc. M Irt— rest 40 
dnyi — Rc. M la 


♦M=»Ma7ie; Rc. =« rcloarnltiR. 


had been similar in difficulty to the first the outcome 
might have been negative transfer instead of positive. 
The marked changes in development of young animals 
and their rapid growth during the time of learning 
might have interfered with long continued retention of 
the interfering habit. In accord with this conjecture, 
three different experiments were undertaken as a check 
on the findings obtained in more difficult mazes. 

PROCEOUlUi 

The facts about the animals and procedure arc shown 
in Tables 46 and 47. Scries I and J were weaned at 
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18 days of age and the control animals began maze 
learning at 20 days of age. For these very young rats 
the time for eating was distributed as in Experiment 
IV. Thirty minutes following each practice period 
were allowed for eating for the first four or five days. 
This was reduced gradually to a five-minute period 
following each practice at the beginning of learning 
the second maze. This meant, for the most part, 
satiety. The distribution of practice for Scries I and 
J was one trial in the morning between 7:30 and 10:00 
o'clock and one in the evening between 7:00 o’clock 
and 9:30.'“ The relearning of Maze \a after a rest 
of 6 days and again after another rest of 40 days was 
given as a test of the recurrence of interference. Mazes 
Za and la were simplifications of Mazes 3 and 1, re- 
spectively.®" The change consisted of closing the blind 
alley nearest to the entrance. Each maze then con- 
sisted of the main alley, one blind alley, and the true 
alley. In Maze 3n the true path led to the end of the 
box, as in Maze 3, but in Maze la the true path was the 
first alley to the riglit ns in Maze 1. 

Results 
Experiment V 

The results from this experiment with very young 
rats agreed, in the main, with the findings in Experi- 
ment IV. Maze 3n was easily learned. The mean 
total scores for Series I, the experimental animals, and 


^“Thc orck‘1' of running tit*’ arouns (tf iinimiils \v:i,s kept constant. 
The time for running miy one iiiiMiial vvoulil, tlierforc, not vary over 
ft half-hour from ilai' to day. 
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TABLE +8 
Mean Total Scorhs 
Sbribs I ON Ma/.b 3 it 



DintAUce 

Time 

Triuli 

JL«artilnK 

lOfi.24 

•I78.«3 

6.76 

SM . 

3J.02 

J06.60 

1.68 

, RcIcnrnlnR 

37.08 

22.5+ 

4J6 

SM . 

29.01 




the standard deviations of the total scores for learning 
and relearning are shown in Table 48. The mean total 
scores for relearning indicate that retention was not 
perfect. The time scores for first learning are large 
as one should expect for very young animals. The 
results from learning Maze In arc presented in Table 
49. The mean total scores for distance and time in 
first learning are for trials three to complete learning. 
For trial scores in learning and for all criteria in re- 
learning the mean total scores are for total trials. The 
first two trials were not included for mean total distance 
scores and mean total time scores because the experi- 
mental and control animals in these trials were not 
comparable. Series J had had no previous maze cx- 

TABLE 49 

Mean Total Scorbs for Learning and Rblearning and Stand- 
ard Deviations of Total Scores 
Mazr 1(1 


ScrlcB 

Distance 

LcarpInR 

Time Trliils 

DiBiaiice 

Relearning 

Time 

Trinls 

I 


54J2 

16.16 

53.40 

~ 23.74 

7.48 

S.D. 

200.28 

71.38 

15.31 

56.18 

27.46 

S.73 

J" 

77,92 

44.68 

10.56 

46.12 

18.34 

6M 

S,D. 

•((i.Sl 

35.50 

3.5+ 

16.00 

12.36 

2.16 


V ihe control serJeii. 
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TABLE 50 

Differbncks between the Means of Total Scorhs 
Maze 1a 



Oifttdncc 

Time 

Tribh 

I-J 

64.(W 

9.64 

j.£0 



15.94 

3.a4 


perience. It was not the purpose of this study to 
measure general practice effects or temporary dis- 
turbance from previous maze experience. 

At first sight one might infer from the differences 
between Series I and J that there was considerable 
negative transfer. This appears in all three criteria. 
But these differences arc not significant. This is shown 
clearly in Table SO. They arc small in comparison 
with their standard errors. But it is very possible that 
they represent, nevertheless, a slight degree of negative 
transfer, inasmuch as one ordinarily should expect 
considerable positive transfer from previous maze 
learning. The experimental animals also showed 
slightly poorer retention in the relearning of Maze Irt. 
The differences between it and Scries J, however, are 
clearly not significant.^' 

The results from this experiment agree in the main 
with the results obtained from very young rats in learn- 
ing Maze 1. There is some evidence that negative 
transfer was present in both learning situations. But 

nnalysls of rcsj^onscs wns ni;ulc. After tlic first two or three 
trials there were only two diftcrent responses, Kvery error resulted 
ip a corresporulinj; increase in time and distance, Conscqucncly, 
there were probably no imfuntant differences in performance not re- 
vealed in distance and time scores, 
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in learning Maze I, the diilicult maze, the interference 
broke down before the control animals could make 
sufficient gains to produce a negative difference. In 
this e,xperimefit with easy mazes the coiurf)ls gained so 
rapidly that a negative difference was produced before 
the interference gave way. But in both experiments 
the differences between the e.xpcrimental and control 
animals in mean total distance and time scores showed 
no significant transfer effects. They were both in- 
stances of only slight differences between the effects of 
positive and negative transfer. 

Experiment VI 

Since no control group was used in this experiment 
and since Mazes 3a and la were not necessarily equal 
in difficulty, the results of this experiment arc presented 
with the results from the control groups of Experiments 


TABLE 51 

Mhak Total Scores for Different Series of Animals 


Mbxc 

Disioncc 

(3-c)* 

Time 

(1-c) 

Trials 

3ff 

Seri a K 

9h65 

66.07 

11.87 

S.D. 

SI .76 

41.55 

4.52 

1/1 

157.7+ 

66M 

17.60 

S,D. 

121.17 

S4.34 

9.66 

la 

Series J 

77.92 

■14.61! 

10.56 

S.D. 

46.81 

35.50 

3.54 

In 

Series M 
76SZr 

41.42 

11.19 

S.D. 

73.07 

31.95 

6.H3 


^Dkunc« And lime Hcorea dul nm include Lite firtit two [riulH. 
tThis mean Is 23.52 higher ihan the mt’diiin due (o pmiiilrm haiiiiH in two 
anlmnla (he Bum of whojie BCoren wna 5B9| or 4H3 nliove ihc Hiini nf iwo 
median scores. All menm for Series M arc correspondingly high. 
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V and VII. The mean total scores and standard devi- 
ations for Scries K, J, and M are shown in Table 51. 
It will be seen in this tabic that all comparisons except 
one indicate considerable negative transfer in Series K. 
The one comparison not indicating negative transfer 
is the comparison between the mean total time scores 
for Mazes 3/1 and In for Series K. The control series, 
J and M, both made slightly lower mean total scores 
in learning Maze In than Scries K made in learning 
Maze 3/1. In view of this fact, it seems unlikely that 
Maze la was any more difficult than Maze 3a, 

The differences showing the effects of transfer and 
the standard errors of these differences are given in 
Table 52. The differences between Mazes \a and 3a 
for Series K, K and J for Maze I a, and K and M for 
Maze ia, all indicate some negative transfer. Of the 


TAULE 52 

Difperencks between the Means of Total Scores for 
Different Series 


fJiffcrencc* 

DUcnnce 

7'imc 

'rrJflls 

K, -K. 

<iC.09 

047 

5.73 

a a 


267H 

1445 

2,32 

Ki -J 1 

79.82 

214(5 

7.0+ 

n « 


20 . 9Z 

13.36 

2.13 

K, -M, 

8L2Z 

25.02 

6,41 

a a 

Wa 

29.84 

13.29 

2.50 

Kn “Ji 

13.73 

21.39 

1.31 

ri a 


H.76 

1140 

1,18 

K. -Ml 

i.^.n 

to 

0.08 

// a 

19.59 

11. u 

1.76 

^T(ic Hiihsci’ipc 

\\i‘' flwr 

1 In ivliif'i fht' Iffiriirn;: 

Ni.')?, jjJncc- 
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nine differences obtained in this manner, six are from 
two and one-half to more than three times their 
standard errors. F’roni these data it seems clear that 
negative transfer was more effective when the inter- 
ference habit was developed after 30 days of age than 
when it was acquired immediately after 20 days of age. 
There was no evidence in the results from cither of the 
foregoing experiments that the interference between 
Maze 3 and Maze 1 in previous experiments was due 
to the difference in difficulty of the two mazes. On the 
contrary, it seems that interference in very young rats 
is more likely to appear in the form of a difference be- 
tiveen mean total distance, or time, scores when the 
mazes are both easy and of similar difficulty. 

Exp crime nl VII 

The results from interference learning at 75 days of 
age should be especially important. Liu (65) found 
that white rats at that age were at the peak of learning 
ability. The evaluation of interference in learning 

TABLE 53 

Mean Total Scores, Standaru Deviations op Total Scorbs, 
Difphrbncbs between tub Mean Total Scores of Two Series 
OP Experimental Animals, and tub Standard Errors of the 
Differences between the Means — Lbarninc and Rblbaunino 

Maze 3rt 


Serlcfl 

Dlalnncc 

Learning 

Time 

Trials 

Distance 

Hclenrning 

Time 

'J'rinla 

L 

6+.7S 

128.11 

6.35 

22.35 

10.02 

3.15 


30.S0 

71.00 

2.'} 6 . 

5.n 

10.24 

n.G5 

I 

10&.Z4 

478.61 

6.76 

37,08 

22,54 

4.36 

S . O , 

11.02 

106.60 

iM 

29.91 

18.52 

2.-16 

I.L 

+1.49 

150.10 

0.41 

14.73 

12.52 

[.21 


-m. »■<» 

70.04 

0.62 

6.79 

4.62 

0.57 
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TABLE 54 

Mean Total Sa>Br;!i, Stanoahw JJEmrioNs ot > Total Scores, 
Dipferenchs bbtwrp.n Tilt Mean Total Scores for Series L 
and M and tup. Standard Errors of the Differences 



.Maze 

la 


Scrlcfl 


Time 

Trinlir 


mjo 


32.35 

SJ). 

424 -U 

in,)4 

31.22 

M 

7(^A2 

^1.42 

UJ9 

S.D. 


n.9S 

6.81 

L^M 

2^iJ4 

76,76 

21.16 . 


HJ2 

MIS 

7.14 


Mflze U requires, therefore, a comparison at this point 
between the learning of Series I and L. The main 
facts for this comparison will be found in Table S3. 
In both learning and relearning, the diflcrenccs be- 
tween Scries I and L are considerable. The differ- 
ences between the means and their standard errors arc 
shown in the last two lines. Scries 1 and L arc not 
comparable in mean total time scores. The very young 
rat is physically incapable of speed comparable with 
that of older rats in running through the maze. With 
the exception of mean total trials in first learning, all 
the differences arc nearly significant, 'rhese dilTcr- 
ences agree with the results from very young rats in 
difficult mazes. Sigiiilicani difTcrentes were found in 
Experiment IV between series of very young and much 
older animals- 

Thc influence of the belter learning in Maze 3rt by 
older animals is cvideiii In ilie results froni Maze !«. 
The essential facts are shown in 'I'ahle .‘>4. Tlie mean 
total distance and lime scores arc for complete learn- 
ing, or 80 trials (in ease learning was not completed 
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earlier) minus the first two trials.®* The dlfFcretices 
are, in the main, significant. The standard errors 
were high because of the bimodaJ distributions. Some 
animals seem to be immune to interference. Their 
learning scores are very low. In other animals the 
interference persists over many trials making complete 
learning by the trial-and-error method all but impos- 
sible. The result is a bimodal distribution with large 
standard deviations for total scores and, therefore, 
large standard errors. This bimodal tendency is not 
evident in the total scores of very young animals. They 
arc clearly less subject to persistent fixation of the in- 
terfering habit. This confirms the findings with more 
difficult mazes. The interfering responses in very 
young animals gave way rapidly after the first 8 trials, 
whereas in older animals the interference showed little 
depreciation at the end of 40 trials. 

In view of the persistence of interference in older 
animals two relearning tests of Maze la were given: 
one after six days rest and the other forty days after 
completing the first test. The object of these tests was 
to investigate the recurrence of interference. The fact 
that several experimental animals failed to learn Maze 
la in 8 trials complicated this investigation. At 80 
trials, their regular training was stopped and a guid- 
ance procedure was adopted for them. The blind 
alley (at the end of the problem box), which they had 
been running with dogged persistence, was blocked 
once (beginning with the eighty-first trial) after every 
two consecutive trials with error. In blocking, the 


®®Six nm’mals Jind not completed learning by tbe eightieth trial. 
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TAHLE 55 

21Iea!>* 'J’orAi. ScoRKs for Conoit;onbd Ebarninc 
Serifs I . on Ma/.b \tt 




Time 

Trial* 

Cartclirioned (rialm 

Jl.W 


4.sa ’ 

SM. 

17.112 

5.89 

2.43 

UnconJUioned Irinh 

i4wa 

44.80 

is.n 

SJ>. 


22.73 

S.4L 


entrance lo this alley was left slightly open so that the 
similarity with the conditions of other trials was not 
disrupted. This procedure meant that for every two 
consecutive trials with error the animals were forced 
to make one perfect run or retrace the main alley. In 
no case did they retrace, TJic resuits from this pro- 
cedure for gradual conditioning arc presented in Table 
55. The conditioned trials were the trials with the 
blind alley blocked. The unconditionccl trials were 
those without maze blocking. The mean total scores 
by these two methods of measuring conditioned learn- 
ing and the standard dcviniions indicate that the ani- 
mals (six in number) were not of equal learning 
ability. The distributions of trial scores were 4, 6, 2, 
1, 6, and 8 for conditioned trials and 16, 22, 10, 17, 16, 
and 21, respectively, for the uncoiulitioncd trials. This 
means that one animal required only one forced perfect 
trial to brc.ik up the interference, .and the largest num- 
ber of such trials for any one animal was eight. By 
this method every animal overcame the inicrfei'ence 
and satisfied the criterion of perfect learning. 

These coiulilioiied animals were tltcii given the re- 
learning tests ill the same manner as the unconditioned 
animals. The results for all animals from the two 
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TABLE 56 

Mean Total Scores for ReLEARNiNc is Six Days after First 
Learning and Again Forty Days after First Relearning 

Ma/.b Ifl 


Scriei 

Kclcarnirti^ aftrr dayn 
UifUiKc Time Triah 

Keleurnin^ afier 4ti ildyn 
lH«fanrr Time Trlflln 


41.00 

13.96 

6.10 

42.00 

15.(13 

6.00 

SJX 

4.1* 

1.09 

0.41 

0.00 

2.59 

0.00 


41)0 

16.96 

6.60 

47.95 


645 

S.D. 

11.68 


l.2g 

13.42 

7.7(1 

0.96 

L-M 

—5.30 

3.00 

— o.so 

— 5-9S 

— 3.13 

—0.35 


, 3.S+ 

‘ 9 

147 

0.3D 

2.93 

1.7* 

0.21 


*Tlie ct^nirol aninml« ivcrc Serlei 


relearning tests arc shown in Table 56. There were no 
significant cllfifcrcnces in either relearning test. But 
every difference for both tests favored better retention 
of the second maze habit in the experimental animals 
than in the controls. This result obviously means that 
there was no recurrence of the interference in the re- 
learning tests. But it probably means much more than 
that. The greater recency of the second food-direc- 
tion habit, and the overlearning of it in the first 
relearning test, might account for the better retention 
in experimental animals. It must be recalled, how- 
ever, that several of the experimental animals had per- 
sisted in the interfering habit over a long succession of 
trials. If frequency was an important factor, the ex- 
perimental animals should have been disturbed con- < 
slderably in the relearning tests. This was not the 
case. The reorganized habit, the new response pat- 
tern, acquired in learning Maze \a persisted in spite of 
the long practice of the interfering response pattern. 
In learning Maze \a the interference must have been 




IMBir INTBRPEKBNce IN MAZE I.BARKINC. 


493 


due 10 ihc transfer of a whole response system, a re* 
sponse pattern, and not to the transfer of identical ele- 
ments. Consequently, the new response pattern 
acquired in Maze l/i siifTered no disruption. 

Summary 

1. Three experiments were concluctccl to test inter- 
ference between easy mazes of similar difficulty. Five 
scries of animals (1 1+ in all) were used. The ages at 
the time of beginning tlic first maze were 20 days, 30 
days, and 75 days. The mazes were 3a and In, both of 
which were very simple mazes with only one blind 
alley in each. In difficulty they would compare with 
the T-shaped discrimination box used as a maze. 

2. The learning of rats at 75 days of ngc was signifi- 
cantly better than the learning of rats beginning at 20 
days. The results agree with Liu’s findings. 

3. The mean total distance and time scores for very 
young experimental and control animals indicated some 
negative transfer. Hut none of the differences were 
statistically significant. The results from this experi- 
ment agreed with the results from experiments with 
very young rats and dinkiilt mazes. The differences 
bet\veen experimental and control animals in mean 
total distance and time scores showed no significant 
transfer effects, that is, the differences between the 
effect of positive and negative transfer were not signifi- 
cant. 

4. The differences between the control animals and 
the experimental animals in mean total distance and 
time scores, and the standard errors of the differences, 
indicate that negative transfer effects increased as the 
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age of the animals at the time of learning the inter- 
fering ma^.e habit increased. The persistence of the 
interfering response pattern increased conspicuously as 
the age of the animals at the time of acquiring the inter- 
fering pattern increased. Moreover, since both maze- 
learning ability and the persistence of interference 
increased with age, it appears, so far as groups are con- 
cerned, that the better the maze-learning ability in the 
first maze the greater the interference in the second 
maze. 

5. There was probably slight difference, if any, in 
difficulty between Maze 2a and Maze Ia. 

6. Such data as were obtained indicate that habit 
interference in terms of the differences between experi- 
mental and control groups in the mean total distance, 
or time, scores is more likely to appear in very young 
rats when both mazes arc easy and similar in difficulty 
than when the second maze is difficult. 

7. In these experiments as in previous experiments 
some animals show no negative transfer effects. 

8. The relearning tests, one 6 days after completing 
the learning of Maze la and the other 40 days after 
completing the first test, gave no indication of the re- 
currence of interference. Every difference that ob- 
tained between the experimental and control animals 
indicated better retention in the experimental animals. 

9. Interfering response patterns persisting for 80 
trials were overcome by a method of gradual condi- 
tioning in which the animals were forced, by blocking 
the blind alley, to run one perfect trial after every two 
consecutive trials with error. 
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10. Negative transfer is probably due in part to 
identical elements, or cues, in the external situations, 
but it does not seem to consist of the transfer of response 
elements, but rather of the transfer of response patterns 
themselves. 



: vTHE RE:LATI0N OF NEGATIVE TRANSFER 
TO VARIABILITY 

Considerable evidence of relationship between 
negative transfer and variability has already been pre- 
sented in this report. There has been evidence of the 
absence of negative transfer in some animals and the 
marked persistence of it in others. The standard devi- 
ations of total scores for response patterns, distance, 
time and trials have indicated higher absolute varia- 
bility for experimental animals than for control ani- 
mals. There has been evidence of bimoclaliiy in the 
distributions of distance and trial scores for experimen- 
tal animals. Moreover, under the conditions of nega- 
tive transfer, retarded learning, except in very young 
rats, has been the usual outcome. It is the purpose of 
thiia chapter to determine, as far as possible, from the 
data already presented and from further experimenta- 
tion what might have been the relationship between 
rtegative transfer and variability in these experiments. 

Variadiuty in Lkarnmng Easy Mazk.s 

The data from Experiments V, VI, and VII, which 
' Were presented in Chapter VI, have a very direct bear- 
iiiig on this problem, The standard deviations for 
total distance, total time, and total trial scores for the 
experimental and control animals arc presented in 
Table S7. Every one of the nine comparisons given 
in this table indicates much higher variability for 
learning under the conditions of previous interference 

[ 496 ] 
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TABLE 57 

Standard Ueviatiuns puk Tokau Scores from Experiments 
WITH Easy Mazeh of Similar Difficulty 


Series’ 

Arc 

N 



UiMancc?' 

Time 

TrinU 


2CI 


200.28 

71.18 

15.B1 

'x. 

20 

25 

•16.81 

3S.i0 

3.5+ 


JO 

2J 

121J7 


9.66 


30 


S4.n 

41.55 

4.52 


75 

20 

424 .so 

111.34 

31.22 

“x. 

75 

21 

71.07 

31.95 

6.83 

^cajnif ^ 

75 

2D 

68.00 

22.73 

5.+1 


•The wniftilji arc boldfnml. The iuh^cripH denote the inazea in which 
fearninR took place. 

tFor dltiancc and ilmc the l>rM iwo iriah arc excluded na noted in 
Chapter VI. 

4Thc«e data are for the uneonUlnoncd iriala in condiuoned learning (see 
page 

learning. The standard deviations for the experi- 
mental series are higher for all criteria. It should be 
noted that Series K in learning Maze 3rt had total 
scores with standard deviations much lower than those 
for total scores in learning Maze !«. The transfer 
from learning in Maze 3« increased the variability 
considerably even in total time scores. Moreover, the 
standard deviations for Series L in conditioned learn- 
ing are approximately the same as for the controls in 
learning without conditioning. Forced perfect trials 
counteracted the interference with the result that learn- 
ing was approximaicly normal both in means and 
variability. 

These data on variability, as they stand, do not show 
that negative transfer alone was the cause of higher 
variability in experimental animals. Positive transfer 
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may have had a part. Marked positive transfer for 
all animals, however, would tend to telescope the dis- 
tribution and reduce the discrimination. Animals 
making large scores in learning the first maze would 
probably show a much higher percentage of gain in 
learning the second maze than animals making small 
scores in Hrst learning. The cause of this consists in 
the fact that the possibilities for improvement are 
limited by the maze situation. 

Experiment VllI 

The dlfTcrences in variability between experimental 
and control animals in learning easy mazes of similar 
difficulty suggested a very much needed experiment, 
In the experimenta with transfer from easy to difficult 
learning, the practice in learning the second maze was 
usually limited to 40 trials. To determine the full 
Influence of negative transfer upon variability it seemed 
necessary to continue the trials to complete learning. 
The rate of learning by the controls after 40 trials and 
the persistence of interference in the experimental ani- 
mals were not known. 

Procedure. In Experiment VllI, 28 male rats were 
divided into two series of littermates paired for nearest 
like weight. They were fed to satiety (but not over 
ten minutes) once a day. The feed was practically 
the same as that used for very young rats.*® This meant 
a considerably better diet than in any other experiment 

‘^Thc feed wns composed of while bread, whole and .skim-milk, 
equal parts of each, and cod liver oil ( 1 dessertspoonful to ciicli quart 
of milk). 
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with older rats.®' At 60 days of age, Series N, the 
experimental animals, entered training in Maze 3. 
The rest of the learning procedure for this series con- 
sisted of (fl) three days' rest after complete learning 
of Maze 3, (6) complete relearning of Maze 3, (c) 
rest three days, and {d) complete learning, or 108 
trials, in Maze I. The control mates, Series O, were 
given only the fourth step in the above procedure. In 
this last step all animals were given 40 trials. Then 
those that had satisfied the criterion, six perfect trials, 
were removed from further training. The remaining 
animals in the two series were continued in training 
until learning was complete, or to 108 trials. The dis- 
tribution of practice was one trial a day. 

Resulfs. From the first 40 trials the results were^ in 
the main, similar to those from experiments with ani- 
mals of similar age. In Table S8 are presented the 
mean total scores and standard deviations of total scores 
for diflferent divisions of trials. The absence of differ- 
ence between the control and experimental animals in 
these mean total scores is not proof that negative trans- 
fer was not present. The analysis of performance in- 
dicates that for experimental animals it was present in 
a high degree. The facts arc shown in Tables 59 and 
60. The percentages of zr-rcsponscs are very large for 
Series N as compared with Scries O. These results 
agree, in the main, with the fintlings in other experi- 
ments with animals of similar age. This" is shown in 
Table 61. The only important difference between 
Scries N and 1) Ciinsists in a much smaller percentage 

'•*^Otliei' aroupH of oliliT iinimals wore six or cij'lit miimtcs 

(or eating, nnci no whole milk \v:is used. 
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of e-responscs. It will be seen also that there was a 
marked difference between Series N and Series F, the 
very young rats. The percentage of o-responses for 
Scries N is twice as large as for Series F, but the per- 
centage of perfect responses is only one-half as great 
as for Series F. There was, therefore, a substantial 
difference in performance between Scries N and very 
young experimental animals. The performances of all 
control series, on the contrary, were essentially similar, 

TABLE 58 

Mean Total Scorbs and Standard Dbviat(ons 
MAitB I 


DUunee 'rime 


Trials 

N 

0 

N 

0 

1-4 


”^96.50 

46.41 

200.07 

S,P. 

17.11 

35.9.1 

20.56 

71.58 

S'8 

51.95 

92.85 

22.04 

68.66 

SM. 

1S.S2 

40.03 

15.74 

53.40 

M2 

49^2 

59.57 

17.83 

25.35 

SJJ, 

9.66 

10.09 

fr.SS 

6.64 

11~16 

49.00 

51. M 

17.45 

17.52 


10.13 

6.71 

S.2I 

2.94 

17-20 

46.85 

48.28 

17.00 

17.95 

SM. 

tO.85 

9.13 

6.57 

2.55 

21-24 

47.00 

46.57 

16.68 

17.27 

SM. 

7.20 

9.70 

5.42 

6.09 

2S-2a 

46,14 

44.00 

16.46 

16.27 

S.D. 

5.88 

10.00 

4.95 

4.30 

29-32 

45.85 

43.71 

15.67 

15.70 

s,o. 

9.12 

9.54 

5.88 

4.32 

33-36 

44.14 

45.28 

11.18 

15.38 

S.D. 

8.73 

8.53 

2.81 

3.49 

37-40 

43.57 

42.57 

13-67 

15.75 

J,D. 

8.82 

lUl 

3.66 

6.13 

25-40 

179.71 

175,57 

59.00 

63.12 

S.D. 

32.47 

35.14 

13.46 

14.29 

5-40 

422.8$ 

474.07 

no.oi 

209,89 

SM. 

59.38 

66.53 

38.86 

S5.7H 

HO 

484.71 

570.57 

196.42 

409.96 

SM, 

$3.S6 

82,75 

41.72 

t1H.53 
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TABLE 59 

Percentaoes op Trials for Each Response Pattern 
Series N ox Ma/.e I 


Trinfs 

n 

b 

Hci^poniit pAUerna 

/ e 

i/ 

P 



SfOJ 

3.6 

7.1 

3.6 

0.0 

5.4 



S7J 

1.8 

0.0 

10,7 

8.9 

21.4 


9 -} 2 

5U 

M 

0.0 

S.9 

i2,5 

23,2 


13-16 

62 J 

3.6 

0.0 

0.0 

16.1 

17.8 


17-20 

S7.I 

1.8 

0.0 

1,8 

I2.S 

26.8 


21-2-1 

M,3 

1,8 

0,0 

0.0 

12.5 

21.4 


2S-28 

$8.9 

0.0 

0.0 

3.6 

12.5 

25.0 


29-32 

60.7 

0.0 

0.0 

3.6 

8,9 

26.8 


33-36 

58.9 

0.0 

0.0 

0,0 

12.5 

28.6 


37-40 

5L« 

0.0 

o.g 

1.8 

16.1 

30.3 


MO 

60.51 

1.2$ 

0.71 

3.39 

11.2$ 

22.85 
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Prrcbntaobs op Trials for Each Response Pa-ptbrn 
Series O on Ma?;b 1 


TrlaU 

a 

b 

Rcyiopsc paiterns 

d 

t 

l-4‘ 

32.1 

J0.7 

19.6 

16.1 

5.4 

16.1 

5-8 

10.7 

21.4 

5.4 

15.7 

12.5 

14.3 

9-12 

14.3 

1.8 

0.0 

35.7 

42 .H 

S.4 

13-16 

21.4 

0.0 

0.0 

12 .S 

62.5 

3.6 

17-20 

16,1 

0.0 

0.0 

«.9 

64,3 

10.7 

21-24 

14.3 

0.0 

0.0 

8.9 

62.5 

14.J 

25-28 

16.1 

1.8 

0.0 

7.1 

SO.O 

ZS.0 

29-32 

25.0 

0.0 

0.0 

8,9 

37.5 


33-36 

30.3 

0.0 

0.0 

7.1 



37-40 

32.1 

0.0 

0.0 

7.1 



1-40 

21.06 

3.57 

2.50 

14.99 

■DSI 



For the problem of ibis chapter the important thing 
in connection with these data is the fact that negative 
transfer in the form of large percentages of n-rcsponscs 
is present. The mean number of <i- and r/y)-responses 
per animal for different divisions of trials is shown in 
Tabic 62. The signilicance of the differences between 
Series N and C) in the mean number of response pat- 
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TABLE 61 

Pbrcbntaoes of Trials for Each Rksfoksh Patturn for 
Different Series of Animals, Trials MO 
Make I 


Serksi 

Age* 

a 

He«pna»e paiicrne 
h / e 

if 

p 







N 

no 

60.SI 

1.2S 

D.7I 

3.39 

IL2$ 

22.H5 

D 

51 

■IX.6Q 

1.00 

IM 

I3Ja 

16.90 

ISM 

F 

ao 

29.iS 

4.67 

ZOI 

9.19 

I5.B0 

38,94 




Coiffro/ Jffinah 



0 

60 

21.06 

3.57 

a.Sd 

14.99 

41,41 

U.42 

R 

51 

IS.ID 

0,90 

1.60 

12,90 

40.7q 

28,80 

O 

20 

9.50 

L9a 

1.10 

11.20 

49.30 

24.80 


*AKe in alvraya given lor the lime when Ihe esperlmenul Anlmnli begin 
Maze 1, ibc liiei maze. 


TABLE 62 

Mean Number of Response Patterns Pur Animal and tub 
Standard Deviations 
Maze 1 


pRHern a Paiicrna df 


Trial* 

Series N 

Sdrieii 0 

Series N 

Scrica 0 

1-20 

12,50 

J78 

5.71 

9.50 

S,D. 

7.69 

3.43 

6.09 

4,55 

2M0 

11.71 

4.71 

7.85 

13.64 

S'oD. 

0r47 

Gr2S 

8.34 

7.39 

1-40 

24.21 

8.50 

13.57 

23.14 

Sf.D. 

16.06 

8.80 

13.94 

11.65 


Differences 

EETWBBN 

Numebb 

TABLE 63 

Series N and Series 0 in tub Mean 
, OF Response Patterns 

Make 1 

Trlolfl 

I’d Hern II Tn Items 

Difference Differenre 

1-20 

8.72 

2.2S —3,79 2.03 

21-40 

7.00 

2.81 —5,79 2.98 

1-40 

15.71 

4,90 —9.57 4.86 
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ferns is presented in “I'shlc 63. These data indicate 
that negative transfer was present in a significant de- 
gree. It should be possible, therefore, from the results 
of the completed experiment, to test the relationship 
between negative transfer and relative variability. 

The real significance of large percentages of a- 
response-patterns in this case hinges upon their effects 
on later learning. Training was continued to 108 
trials for animals that had not completed learning. 
The mean total scores and standard deviations of total 
scores for Trials S to 108, or to complete learning if it 
was accomplished before the end of 108 trials, are pre- 
sented in Tabic 64. The differences between Series N 
and O in mean total distance scores and mean total 
trials are considerable, but not signiAcant because of 
the very large standard deviations, the small number 
of animals, and position habits in two control animals. 
But the important fact shown in this table is the much 
greater variability of the experimental animals. The 
differences between N and 0 in variability are prob- 
ably greater than the differences between the standard 
deviations indicate. In learning Maze 1 the experi- 
mental animals started at a point considerably above 

TABLE 64 

Mean Total Scores and Standard Deviations for Trials 5- 
108 OR TO Complete Learning 
Maze 1 
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zero. The previous maze experience transferred posi^ 
tively in beginning learning. It required in this, as in 
other similar experiments, approximately 16 trials for 
the control animals to offset their handicap from having 
had no previous experience. From zero or some com- 
mon point of origin, the acfiievement scores for the 
experimental animals would be considerably lower 
than is represented by the distance (error) scores, time 
scores, and trial scores — as given. But there is no rea- 
son to believe that the standard deviations for the hvo 
scries would, in that case, be relatively di/Tcrent from 
what they arc in Table 64. The causes for the differ- 
ences in variability between experimental and control 
animals are suggested in the distributions of total 
scores. These arc presented in Tabic 66 for distance 
and trials. The class intervals arc 100 and 8 for total 
distance and total trial scores, respectively, and the mid- 
points of the first intervals arc 100 for distance and 20 
for trials. The distributions for Series N are not only 
bimodal, but arc greater in range than those for Scries 
O. Better learning and poorer learning were charac- 
teristic of the experimental animals, as compared with 
the controls. After the si.xty-fourth trial (sixth class 
interval)^ 50% or more of the experimental animals re- 
mained in training, whereas only 14 to 21% of the 

TABLE 65 

Distwbutions op Totai. Distancb and Total Trial Scorbs 

Cli»i Imervul 1 S } 4 S 6 S sHIo U 12 I J 1+ 

DUtonce ^ I III I + 2 

umunc. I 1 ♦ 1 2 Z 1 I I 

Trials Is * ^ ^ ‘ • 1 7 

to 11142111 2 
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controls had not yet completed learning. The greater 
variability of the experimental animals was due largely 
to the fact that after the sixty-fourth trial the status of 
Series N for every level of practice to 108 trials was 
much poorer than for Series O, The greater varia- 
bility of Scries N seems to be due to both positive and 
negative transfer, 

Variauility of Total Scores for Different Levels 
OF Practice in Difficult Mazes 

The data on variability for different divisions of trials 
consist of coefficients of variation obtained through 
the use of derived mean total achievement scores. 
These achievement scores were calculated in the fol- 
lowing manner. The mean total distance and mean 
total time scores for Trials S-8, inclusive, for the con- 
trol series in each experiment were selected as points 
of origin. The mean total achievement score for each 
division of trials for each scries of animals was obtained 
by finding the dilTcrcncc between the mean total dis- 
tance, or mean total time score, and the value of the 
point of origin. The scores thus obtained arc distance 
and time reductions. The means for Trials 5-8 were 
selected as the points of origin because they were far 
less subject to marked fluctuations than the means for 
Trials 1-4. The coeflicients of variability were com- 
puted by dividing the standard deviations of total dis- 
tance and total time scores for cli/fcrent divisions of 
trials by tlic achievement scores. The coclUciciits of 
variability thus obtained are shown in Tables 66 to 69. 
Except in Scries N and O, Trials 33-40 were not in- 
cluded because the number of perfect runs for the con- 
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trol animals in those trials would probably be large 
enough to reduce the variability of such groups. It 
should be recalled here (a) that Series D and E were 
highly motivated by food stinting, (/>) that Scries F 
and G were very young animals, (c) that Scries N and 
O were small groups of well-fed animals similar in 
age to Scries D and E, and (i/) that Series B and C, 
the oldest animals, had no relearning of the inter- 
ference before being transferred to Maze 4. It should 
be recalled also that in the experiment with Series F 
and G, very young animals, the interference broke 
down rapidly after the sixteenth trial with the result 
that the differences in mean total scores for Trials 25-40 
showed positive transfer. 

The coefficients, as shown in these tables, indicate 
two general tendencies. They arc the higher varia- 
bility of the experimental animals in Trials 21-32 and 
lower variability in earlier trials. There arc tw^o im- 
portant exceptions: {<i) Series N and 0, well-fed 
animals, show no differences in variability, whereas the 
highly motivated animals, Series D and E, showed 

TABLE 66 

CoEPPiciBHTs OF Variation for Total Distance and Total 
Time Scores for Series D and C 
Maze 4 


Triili 


DUiance 

C 

Time 

U 

C 

Ma 

l.JO 

8.63 

1.00 

1.75 

13^16 

.69 

1,44 

.63 

.42 

17-20 

IA% 

1,95 

1.68 

.57 

21-24 

,73 

.49 

,47 

.26 

23^28 

.63 

,45 

,36 

.17 

2902 

.53 

.46 

,24 

.2+ 


^Series B vvAR the cxperimentnl groiiji. 
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TABLE 67 

CoEPFlCIENTE OE VARIATIONS EOR ToTAL DISTANCE AND TotaL 

Time Scores for Series D and E 
Maze 1 


TrJelt 

n* 

Ulivance 

E 

Time 

D 

£ 

9'I2 

2AA 

1.77 

2.02 

.59 

13-16 

un 

1.38 

.74- 

.72 

17'20 

\M 

.50 

.59 

.43 

SI-W 


-47 

.50 

.27 

25-2« 

.U 

J3 

.42 

.23 

29■3^ 

-9S 

,1V 

.45 

.26 

•Sflrici D 

itfli ihe cxfierlmcmal lerUtt 





TABLE 68 



COEPWeiBNTS OF VARIATION FOR TotaI. DISTANCE AND TotAL 


Time Scores for Series N and O 




Ma'/b 1 





PUmnee 

r]me 


Trlalt' 

Nf 

0 

N 

0 

11-16 

.95 

.79 

,65 

.37 

17*20 

.85 

.81 

.78 

.34 

21-24 

t58 

J4 

.62 

.75 

25-21 

.•13 

.64 

.55 

.47 

29-32 

M 

M 

.60 

.44 

33-3fi 

.5(1 

.59 

.21 

.29 


'The mean for Triali 9'I2 wni eelecied in this ctae, becauie (He mean 
lor Trlnli 5-8 wet unuiually high due la two very exploratory runs, 

'tSeriei N It the experimeninl teriet. 


TABLE 69 

Coefficients op Variation for Total Distance and Total 
Time Scores for Series F and Series G 
Ma/.e 1 

Ditioiicc Time 


Trials 

F* 

C? 

F 

G 

9-12 

2.15 

2.75 

1.31 

,97 

13-16 

1.15 

.75 

.88 

,80 

17-20 

1.08 

,93 

,65 

.43 

21-2+ 

.96 

.83 

.62 

.41 

25-21 

.44 

M 

.35 

.32 

29-32 

tfpa 

M 

.50 

.23 


'Seritt F WM the experiniental lerlet. 
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marked differences. The response patterns for Series 
D nnd N were significantly different. Series N made 
a much larger percentage of o-rcsponscs than Scries D. 
And Scries D made a much larger percentage of n- 
responscs than Series N. If the standard deviations 
for Series D and N, as found in Tables 24 and 58, re- 
spectively, arc compared, it will be seen that the 
standard deviations for Scries D are twice as large as 
those for Series N at nearly all levels. Series E was 
also slightly more variable than Series 0. Increased 
incentive, it appears, resulted in more confusion and 
greater differentiation in the experimental animals, 
but accelerated learning with a considerable reduction 
in general exploratory performance, {b) The most 
significant e.xception is in the coefficients for very 
young animals. In this experiment the differences be- 
tween the controls and experimental animals indicate 
greater variability in later trials for the control series 
than for Series F. It seems from this that the con- 
dition of positive transfer means lower variability. In 
the main, the trend of the coefficients of variation 
points to greater variability under the condition of 
negative transfer but lower variability under the con- 
dition of positive transfer. 

At any rate, the higher variability of e.\perimental 
animals in later trials was due directly to two facts: 
(o) the superior learning of a few animals that seemed 
immune to interference and (A) the marked retarda- 
tion of others. The superior learning of the few was 
undoubtedly due to positive transfer, ns one should ex- 
pect. If the retardation in others was due directly to 
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negatively transferred response patterns, then the 
higher variability of experimental animals was a func- 
tion of negative transfer, This seems to be the ease 
since there is a significant relationship bet\veen the 
negative transfer from previous experience and later 
learning as indicated in the correlations between the 
number of n-rcsponscs fur each animal in early trials 
and the total distance scores for later trials. These 
are presented in Table 70. 

It will be seen in the table that for experimental ani- 
mals there was considerable relationship between the 
number of rf-responsc-paiicrns in Trials 1-20 and the 
total distance scores for Trials 2S-40. The relation- 
ship is even higher between the number of n-responses 
in Trials 1-20 and the total distance scores for complete 
learning, 108 trials. This relationship is much lower 
for control groups than for experimental groups. The 

TABLE 70 

Relationship butwrbn tub Ku.MnBR op Rhspoksb PArruRNs a 
IN Trials One to Twbntv and tub Total Distancb Scores por 
Later Learning Difficult Maxes 


Sethi 

S 

‘Prinlji 

r 


Experimental 

A B D N 

100 

2S-40 

0.104 

OMO 

F 

SI 

25-40 

—0.177 

0.115 

N 

14 

25-40 

0,617 

0,111 

N 

14 

5-l(J8 

0.829 

0.056 

Control 

CEO 

57 

(or camfileie 
IcnininK) 

25-40 

0.201 

0.085 

GH 

S3 

25-40 

O.IZC 

0.090 

0 

H 

25HO 

0.2J9 

0.1 <7 

0 

H 

5-inH 

O.SIO* 

0.132 



(iir cninplrie 



due w panUhn 

('n two artmid/w. 
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coefficients for experimental animals, with the excep< 
lion of the very young animals, Scries F, arc more than 
hve times their probable errors. It seems conclusive 
from these data that the conditions of increased varia* 
bility were definitely related to the negative transfer 
from previous experience. This conclusion agrees 
with the findings on variability in learning easy mazes, 
and with the findings on variability for learning at 
different levels of practice. The increased variability 
of experimental animals at different levels of practice 
became more pronounced for total learning. The in* 
creased variability was the result of retarded learning 
in the experimental animals due to negative transfer 
from previous experience. 



VI H 

SUMMARY 


DlFFERENCliS IN RESPOKSK PATTERNS DUE Tt) 
INTEKPEREXCE 

. The (law from ihc several experiments with transfer 
from easy to diflicult mazes indicate two different 
changes in response patterns that resulted from inter< 
ferencc. (/i) When there was a definite, moderately 
economical outlet in the second learning situation for 
a previously acquired response pattern, the inter* 
ferencc consisted of the persistence in that previously 
acquired habit. (6) When the second situation was 
similar to the first, but provided no definite outlet for 
the previously acquired habit, either because of 
mechanical limitations, nr the interference of other 
maze experience, then the interference consisted of 
confused reactions and exploratory behavior with large 
distance and time scores. The status in this case was 
similar to that of learning a new habit. The evidence 
in support of the former consisted of significantly 
larger mean total scores for rf-responses by experimen- 
tal animals than by ctmtnds. The results from five 
different experiments including experiments with very 
young rats show no c.xccpiinns. The controls made 
much larger percentages of responses </ and p combined 
anti, therefore, showed significantly better learning of 
the direction of food. The evidence for the second 
was the data frtmt Kxpcrimcni I In, '^I’hc differences 
between the control and c.s’pcrimcntal .mimals in mean 

fSilJ 
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total distance and time scores for 28 trials were all sig- 
nificant. But (here was no unobstructed definite re- 
sponse pattern from the previous learning that could 
be transferred directly in learning Maze 1. Conse- 
quently, the experimental animals made large per- 
centages of uneconomical, exploratory responses with 
increased time per distance run. 

Differences m Mean Total Distance and Mean 
Total Time Scored 

The dilTerenccs between the experimental and con- 
trol animals in mean total distance and mean total lime 
scores varied with the presence of other factors and the 
measurement made. In learning difficult mazes under 
the condition of interference the older experimental 
animals showed positive transfer efTecis in the first divi- 
sions of trials, but negative transfer eflccts in Trials 
25-40, The mean total scores for 40 trials, and even 
for Trials 5-40, Indicated, therefore, no considerable 
differences and no consistent direction of the transfer. 
But the differences between the experimental animals 
and controls in Trials 25-40 and in complete learning 
of difficult mazes, with only one exception, showed 
negative improvement for experimental animals. In 
the case of easy mazes with antagonistic true paths, the 
differences in mean total scores for distance, time, and 
trials for complete learning indicated negative transfer, 
without exception, for older animals. 

The differences between expcrimcnial and control 
animals in the mean total scores for later divisions of 
trials and for total learning depended very probably 
upon the favorablcness of the conditions of learning. 
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In Experiment HI the diet was bnlh quantitatively and 
qualitatively stinted as aimpared with the diet used in 
later experiments. Kince this was the rmly diflfercncc 
in procedure and animals hetsveen KxpcrimcMts III 
and VlII, the differences in learning and negative 
transfer were probably due to that difference in pro- 
cedurc. The learning by the control animals in Ex- 
periment III was much superior to that of the contrtd 
animals in Experiment VIII. The median number of 
trials for complete learning in the former was 42, but 
in the latter, 56. Stronger food incentive increased the 
rate of learning, especially in the controls. Conse- 
quently, the differences in Trials 25-40 were large and 
significant, 

It should be noted that the differences between mean 
total scores for large divisions of trials, including 
especially the scores from beginning trials, arc likely 
to be poor measures of interference. They represent 
simply the differences between the effects of positive 
and negative transfer, A l>ctlcr measure of inter- 
ference is the measure of a status at the end of a long 
course of trials. The interference that is of any con- 
siderable consequence is more than a temporary dis- 
turbance. It Is a persistent obstruction to a nrirmal 
rate of learning. The presence of large percentages of 
<»-rcsponscs in the performance of the c.xpcrlment.il 
animals in the early pari of learning was, except in 
very young animals, a certain indication tlial retarded 
relearning in later trials would he the outcome. Hut 
that retardation, because of other faciors in the learning 
situation, might not appear in the liiffcrcnvcs between 



5H 


aBNBTlC PSYCltOLOOy MONCXlR^rMfl 


mean total distance or mean total time scores until 
after 40 trials, as the results of Experiment VI 11 have 
shown. In any learning situation, if closely related 
previous experience does not effect an increased rate 
of improvement in learning, that fact should not be 
considered as evidence of no transfer effects. It 
should be considered as evidence of the presence of 
negative transfer. When the general practice effects 
were similar and the possibilities for interference in 
control learning eliminated, as was probably the case 
in Experiment lla, the differences between the control 
and experimental animals were large and significant, 
and the positive transfer in the control animals was 
pronounced. This means that in any learning situa- 
tion the negating factors from previous experience 
should be determined and controlled as far as possible 
so that the full effect of previous experience might tend 
toward better learning, 

Learning Plateaus 

In all series of older experimental animals the rate 
of improvement in Trials 25-40 in learning diflicult 
mazes and in later learning in all mazes showed dis- 
tinct tendencies to learning plateaus. For the learning 
situations used in these experiments this was probably 
not evidence of permanently conditioned learning 
ability. In the relearning tests six days after complet- 
ing the learning of the second maze and 40 days after 
the first relearning (using easy mazes), there was no 
evidence of the recurrence of interference in the experi- 
mental animals. By a method of gradual conditioning, 
moreover, the interference was overcome in a rather 
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normal disiribuiion of irial*- 'I1rte« data «n ihc peet- 
slatcnce of inlcrfcrcnce may not be contlufivc. how- 
ever, in viesv at the fact that «»«ly ratsy w«€ 

used, and in ctmtlititining (here was only a small oum* 

* ber of animaft. The practflcal elfect. nevertheless, of 
persistent inicrfcrcnce i« condiiioocd learnmg with 
every appearance of mental dullness m iar as measure* 
menu arc concerned. 

The presence of plalcaui, or persistent interference, 
in some animals was probably not due (<» pmur smittal 
learning ability. The data available are not OfmcSu* 
sive, but they gis^c no supprori to that explanation. In 
the gradual condiiiotiinK of anirtiaU that had persisted 
in the interference pattern for B0 trials, learning %vm 
readily accomplished and the clisirihuiions of scorrs 
were as normal as they could probably be for ibe small 
number of eases used. In the ease rd very ymiing rat*, 
for which the first mam gave gcMtd difcrimination, the 
correlation between the total distance scom m the hrd, 
or interfering maze, and the number o! 
patterns in the fii^t 20 trials in the second ma/:c was 
— .19ldt.n6. T^his cocflicicni of correlaiion is n'«i 
significant evidence of relationship, but it shows, 
ncvcrthclcsj, that negative transfer was prohahlv not 
due to poor initial learning ability. 

The persistence of Inlcrferencc wa# probably n*n due 
to chance position habits. The o^responsc- pattern was 
rarely fixated in control animnb in spite of ihr fact 
that they started learning with considerable perientagrs 
of those responses. T he Ih:si eviilcfice, however, W’as 
the correlations of .522 for total disMme si «»rrs and .57 
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for total time scores between interference learning in 
Maze I and interference learning in Maze 4. The 
animals that were disturbed in learning Maze 4 were 
likewise disturbed in learning Maze 1 in spite of the 
fact that in learning Maze 1 the /i-responsc-pattern did 
not become the prevailing habit. The interference was 
due to more than a mere repetition of a succession of 
response elements. 

Variabilitv 

The variability of experimental animals was, with 
few exceptions, higher both for complete learning and 
for different levels of practice. This was due (a) to 
the probable immunity of some animals from inter- 
ference and (A) to the retarded learning resulting from 
persistence in the inierfcrcncc pattern. Although the 
reliability of the apparatus would not justify the con- 
clusion that interference resulted in increased individ- 
vial differences, nevertheless, the trend of the data is in 
that direction, 

Age 

In the case of animals learning the interfering habit 
in a very early stage of development negative transfer 
from first learning to learning the second maze (a diffi- 
cult maze) resulted in large percentages of A-responses 
in the first few trials. But the interference broke down 
rapidly, with the result that the differences in mean 
total distance and time scores showed positive transfer. 
When both mazes were easily learned, the transfer 
effect was slightly negative. The chief difference be- 
tween very young and older animals was in the per- 
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sistence of the negatively transferred response patterns. 
The cause for the break-down of the interference in 
very young animals is not clear. There was, however, 
a significant difference between very young and older 
rats in the learning of the first maze. Learning be- 
tween the ages of 20 and 30 days was significantly 
poorer than learning after 50 days of age. This was 
true for all criteria. It seems conclusive that the 
cause of the rapid break-down of the interference in 
very young animals was intrinsic to the early develop- 
mental condition of the animals at the time of learning 
the interfering habit. Response patterns were less 
readily acquired and more readily disrupted in very 
young animals. 
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U&PFBT DU CON PUT DES HAtllTUDES SUE LE REN DEMENT 
DANS UAPPRENTISSAGE DU LAByRlNTIlE 
(K4ium4) 

Ce rapporl ^6crh huh de rflf^preniltiffKc ilu lflbjrr)n(h« avec 

fM bUncft. Dam chamje enp^rlcnce on n mb «ii pdirei lef Ubyrimhca 
(1) pour ilea filmuii kcmbltthUa du Ubyrlnthc. ct (;2) pour dca rUclIuna 
dlnirtn^cB ou c^n pa rife nmagc^dhtea. Le procfaaua am ma dca anSmuui^ 
exp^rlmentnux pour drtq e3(p^rienc45i a eit gdn^rff} Ic 4ulvani: ['apprentb^ 
aagfi complcl d'un Jaby/irtlhe /adir A, b rfpoa pcndam Irda joura, \e 
nouvcl QpprentUiiBgQ d'A. \t repoa pendani troia Joura^ et uutiranie ^preuvei 
ou VappreniiaaQge complex cl’un Ubynnihc difnciU animnux do 

conirfilo n'oni oppriii que la Ubyrinihe Dana iroia cxp£rirncca on a 
flubithu^ un [nbyrinthc facile C au labyHmhe B. Lea donn^ca ic soar 
compoi^ea du i3omhre d'^preuvei, du tempa de cheque ^preuve, de la db* 
tance de chaque £preuve, ci un ublenu du rendement dc i^baque animal. 

Lei donn^cH indiqueni lea eonchialopa auivqnui: (1) Dam plualeura lesia 
de U coniCAhco du rendemeni an n*a trouvi aucunta ditT£renees d’Age, malt 
lea corr6lniiona cnlrc lea r^aufuU locitux de dlacnnce pour lee cjhT^rcniae 
dlv^itlona dee iSjireuv'ci ant plu« ^loWcf rmur hn animaux exp^rlmeniAux 

3 ue pour Je» nnlnmux dc conirAlc. IZ) Oufind le iruntifm poeUlf enirc 
eux labyrinihea lemblablei a M en f^ranic partie compenai par Vappren- 
iliiigc par ^^cortniti'’ imcrpol^^ lei Imcrcarrilaitoni ont M de O^St pour 
fei r^iuhati de diiiancc e( de 0,$7 pour iea r^iultau de lempa. (1) Pour 
de dZlT^renia degree du edmulant du noui^c) apprcmlaiage ci pour troIi 
(ilfT^renia Agci dea onjimaux Jea dlE^i'cncea deii formea de r^popiie ciure be 
groupes exp^rlmerual ci dc coturdb ont iU louiea d‘une laqgn yignllianu 
en faveur d’un IrAnabrt nfgailL Lea animnua exp^rlrntntaux ont perabtl 
en de beaucoup plui grandi pourcenugea dea formes de r^ponic ce quK a 
rdlnt^gr^ lei formea corrcctea de r^ponac pour le premier lahyrimhe npprla, 
(4) tea dl/ffrenccj enire lea ablinaux expfrlmenuux n ceux de comr^le 
dam Jea risultati de diiunce dea ipreuyei poit^rlcurci ont touica con* 
luminem et quelquci-unei d'iine fa^nn ilgnlSama en ftiveur d'un iranifort 
nfgatlf chez Ici anfmaux ptua Hg^i. (S) Lcb rfauluti de tempi ont donn^ 
del dlff^rencei ilgnldanui en favour d*ua cranifert n^gatlf cbez le< unhnaux 
plus hgtB ieu5emcntj et aeultment uuand lea cJTeia d'un iranafert poaiijf 
ginfral om ^t£ probablemem aemblablei pour lei deux groupei dea animaux, 
ou quand on a rendu plus raplde rapprcntiiiage par \m haul degr6 d'un 
iitmulabt de nourriturc. (6) Dee pdriodci dc 8 & 20 fpreuves avcc peu j 
nulle amelioration duna kt rjaultaiii cic (emps et de distance ont caract^- 
risf I'app/enilsBage dca animaux exp^rimentnux plus dgfa. Cci plnteoux 
ont vniment dm & la pcriiatancc dci formes de r^ponse transferees dc 
rapprcniiiBAge antirbur. (7) Qimnd^ U n'y a eu micun inoycn dffini 
d'fcnappement dans la dcuxiime situation d'apprcntifisage pour lea formea 
de t^ponae ac((ubea fl/iUrlfiurerncnt, lea animaux expdrlmentaiu ont 
trh d^rangfs at lea proporlioiia dcs rfaidinta de lempa et ceux de dbipncc 
ont iih pluB 6bv£es que ebez lea aiiimaux dc conLr6lc. (8) L'apprentisaage 
del BlmpIcB hnblludcB du Inbyrlntlie pendant la pliriodc entre 20 A 30 jours 
dc I'dgd a benucoup pire qiibpn^s ('Age dc ^0 jours. (9) On r\b obtenu 
Auounc dllT^ronce algniriante entte lea nnlriiqux de ccmtrdlc et bs expfrl- 
inentaux dans lea rfsuhflts dc diainncc ct de rempa dam I'apprentissngc dca 
Ubvrlnthes B et C quand VhabUude de "coiiflii'’ n 6ii acqviisc perulnnt U 
pfrlode entre lei Agea dc 20 et de 30 Jours. Dans Pupprentissagc du laby- 
rinthc E I'influcnee dcs hnbhudcs dc conflit ncqubcB A un Age trAs peu 
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av*acf tVkt pe^u «1 rtpldent«ni qu'll « rfiulU unt Maitoe en /aveur d'ua 
tranafcri poaliil. (10) Lti variablllifa abwiue el lelative oni tandu 1 
Hre plus ilfcvdM pouf iw ttnimnux expdflmeniAUi ^|ue pouf ccux cic cdn- 
irfiJCa (11) Lfij ^xpdrlcncet av«? lei libyriailici A ti C mentrefit que h 
dmnnae de dlfHcum da hhyrhtha A ei B u^eureff id di tiulU import- 
ence eomroe ucteuri dtmt le irinifert ndgiUf* 

Aum 


DBB Elt^PLVSS DBS WIDRRSTREITS DER GEWOHNHBtTEN AW 
DIE TATlGKfilT BEt DEM ERIERNEN BINES LAflYKlNTHES 

(KcfeTAi) 

Dicier Ecrichl unifAUl S Lcrnexperirocnie mit Lftbyrlmhcn an 35fj Albfn- 
ofaiien. In jedtin Expcrfmeni vrurdcn die RiKcn gepaart (1) In Bnug 
Auf liinikfift Lebyrlnihrcfze und (2) In Bexug auf venchicdcnc oder zum 
T^l fttilBgonisiliche Reaktionep, Dai Verfahren mil den Vcraiichiiieten In 
5 Experimenun war Im Allgcmelnen folflcndei: vdllige Uiung^ elkias Ulclit- 
en Labyrlnihci, A: (1) Tage Ruhe; Wledcfcrlernon von A; und 40 Ver- 
suchc nn^ oder vflIHgei Erlerqen von, clnem ichwerej) Labi^rlnih, Bi Die 
Korn roll lie re crlcrnlcn nor da# Lfibyrlnili B* In 3 Experlmeniert wurilo 
dll Labyrinth B durch eln lelchiei Labyrlmh, C, erietx^ Die gciammeltcrf 
Data ivareji Icli^endc: Die d^ahl dcr Vereucliei did 2r0ltiangc In jedem 
Venueh^ dk In icdcm Veriuch xurCcirgelegce Streckc; und eine TnbularL 
llerung dta Laufei (run) von jedem Tier. 

Die Dam llerern folgendc Befunde: (1) In mehreren Veriuchen dber die 
Uftilindigkcii der THtlgkeU (conitirency of performance) xeigten sich kcine 
Alteriiuhurichlode, aber die KorreUiionen zwliehen den Geflommidiitaiiz- 
stahldA ((otil dliunce icorei) In verichlcdonen Abtellungen der Veriuche 
vaaren bel Yenucbiiieren bOher o)« bci RoniroDitercm (2) Wenn der posL 
liven Olierlragvng (pDililve ironifer) ;{wjscbeii sswel dbnllchen Lobyrinihen 
g/oaenrelli diirch interpolleriei^ iiOrend cinwlrkendei Lerncn (lnrerlerence 
teaming) enigcgengcivirki wurde, waren die Inierkorrelalionen an den 
Dfiianxzahleti (dlitance icorei) ,5Z und an den EeirlUngezablen .57, 
(3) In BcKug auf vcrachledenc Grade dei Rekea und dei Dberlerneni 
(overdearning) und bel dre) vcrBchicdenen Attern dcr Tierc lUndcn die 

.nteriichiede in in den Reaktioniformcn (response patterns) zwlHcben den 
VLrituaha — und den KonlroIIgrnppcn allc ^u GunBUn der negativen Ueber- 
tragung. Die VcrfiUchsUcre bdiamen In vici haheren P^o^en8fi^^cn von 
Keaktioniforinen, wciche die RealcllonBfoTrrien, die in dem zuerst erlernten 
Labyrimh richllg gewcien wnren; wiederhoUen. (4) Die Unterschiede 
zwjBchen Kofirrollrlcrcn und Yersuchslieren in Bezug auf Distatizzahlen 
ipaterer Ycriuebe itandcn olJe koniequent und jronche bezelchnend [signi- 
ficantly] zu Gunaten der negativen Ueberiragung bel fllteren Tieren, (5) 
Die 2^e[tl(lngezQhlen ergaben bezelchnend e Unterachiede 2u Gnnsten der 
negfldven Obertragung nur bci aitcreo Tiercn, und dann nur wenn die 
atlgemclneii Uebcrtragnngswirkungen wnhrsclicinlich in den beldcn Tier- 
gnippen zkiniicli glctch waren, oder wenn daa Lerncn durch sehr atarlcenf 
Nnhrungirelz (food BilmviluB) bcBchlcunlgt worden war. (6) Das Lcrnen 
bci Hitercn Yersuctislieren wiirdc cUorakterisiert durch Perioden sich 
crstrcckcnd bber 6 bla 20 Vcrsucbe wilbrend wcichen wcnig oder gar Iceinc 
Bcaaernng dcr LelsUmg statifand. Diese PlateaupcriDdcn (piitcaiix) Kolten 
Jbrm l}r»pri>ng j?lc)jerJicb Jj? dor Baharnwg (paraistence) w DhergtlTHgtnen 
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JUtaktlofl^for/uca bu* frPUercjti LijrnAn. (7) Wefltt die itwelw 
(lHAfnlng iituniion) far die fr6h«r RiiRftelsikeleii RcakiionA- 
fdrflittli \tltit bfiBtimmiD AbiugsmSftllehkcU (ouilet) di>rboi» worcn die 
soKr und das VethfilinU :s%vtflchi»n den 2eti%BhUn und den 

0litB)iU2<thliih wBr dcinn gr&Mfiri aU be( iUn KoniroHd&reti, (8) Baa 
ErlBr^Bn von eln Snellen Lflb>rrtiifii-^etvatinheiien war tv^hr«nd der PortcKle, 
In dcJT dte '^lere 20 bia 3 q Tbrc bU warent bedcuicnd schlecdiior^ bIi Im 
After vot! fiber 40 Togen. (?) Wenrt die tiOrend c/nnrlrkeitdo OfitvohabeU 
Ua Alter von 30 hh 40 Tagen angeeignet ^vorden war, Bci£[(en akh liti 
Efieroan dei X.abyrlnthes H odcr C kalhe bedeuiendc Uoier«cbl^e iwltchoci 
divn KonlrolL und den Verauchsileren, vredcr In Bezug aur Dlsiani^ nocK 
Bezog aof 2elizAh)en. Jm Erlernen des IrBbyrlnibei B versjigte der 
iSInflUBB der atfirenden Gewohnheiicni die ungeeiRnet \vorden wnren, all 
die Tjcrc noeh sehr Jung waren, eo raich, dsM eln Obarwbuw «m Gqiuten 
dtf poBltiveti ObenragiinR yerorsneM WMrde. (10) ^oWQbl Bbeofute 
wie dlo reUdve VarUbllTUl war, im KroBaen Ganzen, bel don 
illeren otwaa hober nU bel den KonirolliUren, (11) Die Verauebt tnll 
Labyrldibea A und C zorgun, date die Utderodilede dert 

rlnthen A Mnd B iti Betug auf Schwlorlgkeli eli BetUndkllQ ciner nega* 
tlven OberUDgong wnhrocbelnllch ohno Bedeuiting vrareur 

At>i 




